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THE STATICS OF BRIDGES. 



THE theoretical and practical knowledge of the construction of 
bridges oocapiee a very important department of the wide and 
varied field of engineering science. As a special study, it is 
characterised no lees by the extent and diversity of its subject 
than by the abstruse and occasionally complex nature of the in- 
vestigations to which it has given rise. The different circum- 
stances of site, of approaches, span, and headway; the facilities 
for abutments, piers, or moorings; the nature of the foundations, 
and the peculiar difficulties frequently encountered in preparing 
these, as well as in erecting the superstructure; the stipumtions 
often exacted for the convenience ot navigation ; the precautions 
demanded to meet external stress of wind or water, as well as 
the due provision for carrying both dead and moving loads, and 
the allowance for effects of settlement or of changing tempera- 
ture; the distinct types of superstructure, known as the arch, 
chain, and girder, and the numerous forms of simple or com- 
bined application in which they are found, are some of the 
considerations that must enter into any thorough and complete 
inquiry. And these conditions are not only different for each 
bridge, but in many cases assume so special an aspect that it 
appears desirable for any mat bridge to have a history of its 
own, recording not only aU the detaSs of form and construction 
of the finished work, with the settlement observed on the appli- 
cation of a given test load, but also the successive difficulties 
that had to be overcome from commencement to completion, and 
the various expedients devised to meet them, whether successful 
or otherwise. 

A theoretical inquiry, simply into the stability of different 
forms of su}>erstructure, reduces itself within far narrower limits. 
Such an inquiry, proceeding on abstract reasoning, seeks to 
elicit general results, and to arrange them so as to admit of 
their ready application to individuid cases. But even in this 
comparatively restricted range of investigation we are confronted 
at the outset by three distinct principles of construction, each 
of which demands, or at least has always had accorded to it, a 
distinct method of examination. Between the theories of the 
arch and the girder there exists a sufficiently wide difference; 
and although a very close affinity is recognised between the 
eorre of equilibrium of the chain and the line of pressure in the 
arehy the relations considered to subsist between the latter line 



and those known as intrados and extrados, and the commooly 
received view as to points of rupture, are peculiarities to which 
we find nothing analogous in the laws of catenaries. But when 
we pursue our research into those cases where the arch and 
girder, or the chain and girder, are combined ; or where the 
equilibrium of a loaded rib results partly from an external re- 
action and partly from its inherent transverse strength; and 
when we seek a solution of such complex cases by applying two 
methods of investigation which have very little in common to the 
component parts of a single structure, difficulties present them- 
selves which at first sight seem insuperable. But it will be found, 
on looking into the matter with care and attention, thaX the only 
formidable difficulty results {%& so frequently happens) from what 
we have taken for granted without question or examination. 
In the arch, as in the girder, the principle of the lever forms the 
very basis on which idl the remaining rests. But while wtry 
portion of the load on the girder is considered to be divided 
between the two supports (in the inverse ratio to its distance 
from either), the load on the arch is regarded as separating at 
the crown into two parts, each carried exehmvdy by the nearest 
abutment. I^ then, we assume that it is necessary to treat the 
load one way for the arch, and the other way for the girder, 
great perplexity besets the examination of any bridge in which a 
combination of^ these two principles is presented, in the absence 
of any pHmd fade reason for aetermining what portion of the 
load should be regarded as carried by an arch, and what portion 
as carried by a girder. But if we can satisfy ourselves that the 
entire load on the girder, no less than that on the arch, actually 
divides itself into two sections at a certain assignable point, 
either section throwing all its weight on the nearest support, the 
threatened difficulty will at once vanish. It might have been 
thought obvious, had the question ever been distinctly asked, 
that reasonings based on the same fundamental law (that of 
leverage), however variously conducted, must inevitably reach 
ideutiod results, and that the calculated strains at every point of 
a girder would be the same, whether they were arrived at in the 
orainary way or considered as resulting from the action of two 
sections of load, each ponderating to its nearest pier only. It 
will be endeavoured, in a future paper, to show that such is 
actually the case, and to exhibit a method of treating the load 
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and cdciikiing the momenta &t diflfet-eDt points equally applic- 
able to arch* chain, and girder, aud, it ia belieyed, more simple 
than the gfenerally received rniea, obviatiog the ueceBalty of either 
finding a seriea of centres of gnivily (aa in the arch), or dividing 
every component portion of the load according to its distances 
from the pi(?r8 (aat in the girder). The point wher^ the load 
divides itself is suthciently evident in a masonry arch; in a chain 
it 18 equfiJly obvious ou inspection, and also capable of being 
found by caicuhitiou ; in a girder it is not detected by the eye, 
hut will ftlwiys coincide with the point of greatest strain ; and 
-where the giixler ia not continuous, its determination is a suffi- 
ciently eaay matter. 

It ia, therefore, proposed to bestow some consideration on those 
statical principles which all bridges, irrespective of form or cir- 
cumsLiDce, posseaia in common ; to examine the eiFect of the pon- 
deratiag load in what it is hoped may prove to be the simplest 
and I lie moat general way; and, perhaps, after such inquiry into 
the action of the load, occasion may be found to examine the 
a^Mcial modes of reaction by virtue of which the equilibrium of 
e*ch desGription of bridge is maintained. 

The arch was made the subject of elegant and laborious mathe- 
matical investigation long before the exigencies of railway con- 
struction led to an exact appreciation of the elastic forces of 
materials. Proceeding upon the general understanding that 
msisonry was capable of BUpporting heavy thrusts without notice- 
able cttmpres'^ion, bu£ possessed of very small cohesive power, the 
theorist found it convuuient to assume that the arch was com- 
posed of vouaaoira absolutely imcompreaaible, and not cemented 
at the joints. To simplify investigation, the pressure distributed 
over the area of each joint was imagined to be conoentrated into 
a resultant acting at a single point, and the line which, passing 
through the voussoira, connected these points of resultant pres- 
sure, was called the line of pressure, ami was found to possess 
properties identical with those of catenaries (nsiug this term in 
its most general aeuHe). But although the conditions of any 
assigned line of pressure were found capable of exact determina- 
tion, uncertainty attended the application of this admirable 
theory to the arch, owing t^ the circumstance that an indetinite 
number of lines of pressure, all e^ijmdly adapted t*> the given load, 
could be inscribed within the limits of the voussoira. At the 
same time it was seen that if any two points in the semi-arch 
were given as points in the line of pressure, the line itself could 
be fixed J so that the problem ultimately resolved itself into that 
of finding the actual ]iosition of two of the reaultant points. 

Many have thought it proper or convenient to aaaume that 
the resultant thrust passes through the centres of the keystnne 
and akewlkack. This would seem at first aight the moat natural 
idea; but if we suppose ilie matf rial of the arch incompreasiVjle, 
it becomes by no means clear how the reaction causing the 
thrust can be generated, if the line of pressure be thus siluated. 
Yet, on the kindred hypothe-jis of a parallelism between intnidos 
and the line of pressure, general deductions have been made 
as to the diatributiun of loading proper to any given fonu of 
arch — ileductiona interesting to the mathematician, but hardly of 
much practical value to the engineer, who aims at adapting the 
biidge to the load, rather than the load to the bridge. 

Itlias however been gonemlly considered more correct to select 
AS the actual line of pre:isure that which touches intradoa at or 
near the springing, and riHt?a thence to touch exti'ados at or near 
the crown. Were the vouHsiors really incomprpssihle, and the 
joints uncemeuteil, this law would be absolutely Ci>rrect; it ia 
au inevitable conclusion fnmi the fictitinns data. In reality it 
ia much closer to the truth than the suppoisition that the thrust 
passes through the centre of the keystone and that of the 
akewback; and it is sufficiently accumte for general application 
to archea of Mtone" or brickwork. The application has however 
been found hitherto to involve much hbcmr and difficulty; in 
m^ny coses a complicated tentative pmcess has to be i*epeated 
twice or oftener in order to get approximately at the points of 
contact with extndns, known .is points of rupture. 

In onier accurately to exhibit the generation of the reacting 
force, it would indee«l be necessary to consider the elastic pro- 
pertiea of the material employed, and to inqtjire into the con- 
ditiun of a voussojr when the resultant tfirust doea not pass 
through its neutral axi<5. In dealing with masonry such nice 
discrimination might Iw rather curioua than useful. But when 
continuona iron ribs come under examination, it is essential to 
bear in mind that the theory of disconnected vouagotra incapable 
of being com pressed, and the determination of the actual iine 



of pressure by means of points of rupture, are no longer 
admissible. 

The origination and rapid extension of railways, marking an 
era within the scope of living memory, yet already more fruit- 
ful in changes than many preceding centuries, first brought 
into frequent use a class of bridges which, if not new in the 
principle employed, were virtually so in its scientific and 
skilful application. These iron- ways, constructed in a country 
already intersected with roadways and canals, neceaaarily cross- 
ing the streets of populoua towns, and occasionally having to 
be carried over navigable rivers, or even arras of the sea — ^con» 
veying a tralhc which public safety required to be kept distinct, 
wliile convenience demanded its being often brought close to 
large thoroughfares, and which only admitted of very flat gra- 
dients — frequently present conditions as to headway, span, or 
mechanical adjustment, only to be satisQed by girder bridges. 
Under a moving load, producing strains of unexample^l severity, 
distances were spanned which had been previously uuattempted. 
The employment of iron then became imliapensiible, and the ne- 
ceaaity of avoiding useless weight in the girder itself, no less than 
the consideration of coat, letl to thorough investigation of the 
best way of distributing the material, whether cast or wrought, 
and of the atraina to which it couhl be safely subjected. The 
sensation pnxluced by the failure of the Dee Bridge subsided 
into a conviction of the inaecurity of cast-iron ginlers for large 
spans, and stimulatetl the moi*e general construction of girders 
in wrought*! ron, a material in which gigantic pro^iortiona were 
idtimately obtained. The happy boldnesa which confronted the 
task of throwing a tube acroaa the Menai was united with the 
prudence and wiae precaution which dictated the seriea of pre- 
liminary experiments bearing on the strength of wrought- iron 
cellular beams; and thus, assisted by able mathematical research, 
has left results on record invaluable to science. 

Thus while the theories of the arch and of the catenary have 
remained atjitionary, or nearly so, the investigation of the girder 
has advance<l with rapid strides, and has gone hand in hand 
with a preciae and intimate knowledge of the nature of the 
materials of construction , and the connection between definite 
change of form and definite reaction, not brought to the earlier 
studiea of the arch and chain. 

It will be endeavoured, when continuing this subject, to ex- 
hibit the action of the load, and the task which it imposes on 
bridges generally and irrespective of their mmle of construction, 
as to make aome approach to a truly coil pre henaive theory; nm\ 
perhaps also %<-> apply to the earlier branch of the science the 
practical results which have proved so useful in the more 
thorough elucidation uf the girder. 



ON ACOUSTICS.^^ 
By T. Roger Smith, Architect 

The subject to which I venture to invite your attention is 
that of acoustics, or the science of sound; in reference of course 
to its bearing on the arrangement and conatruclion of those 
buildings where the free transmiasion of sound is of importance. 

It will not, I think, be deemed necessary that I should advance 
any apology for the subject itself. The proper construe tiun of 
buildings intended for muaic or public speaking ia a point of 
vital interest to every architect, as under this category may be 
comprehended all the more important works that come into our 
hands; and such buildings — however excellent in other reapects 
— cannot certainly be said to have fulfilled the design with 
which they were erected, unless they have been made favoumhle 
to the eaay transmission of sound. A knowledge of the laws 
that regulate this transmission, and of the methods necessary to 
bring a building into conformity with those laws, is then most 
desirable to us. 

A very considerable time has elapoed since a paper on this 
subject was read before the Institute; and this consideratiuu, 
coupled with the fact that even such books as exist on the 
subject are not generally knoAvn, induc<i8 me to hope that it may 
be poaaible to lay before you some already -.ascertained facta uf 
interest, but which are not so familiar as they deserve to be. 

I must disclaim however the ability to present anything new 
in any other sense than the one juat indiciited. The subject hnn 
always occupied a share of ray attention as a reader, but not us 

* From m ptp«r r«a^l at tlie Bojral Initituto of Brlti^ Archltttrta. 
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an experimentAl phiioaopher; and latterly it has become mj duty 
to search very thoiTiugljly fur all a<:!ceasible iDformation that 
relates to it. And it baa l»een the difficulty of collecting swrnttered 
factSi and of obtainiDg bvqu the titles of books, that haa prmci- 
pidly made me feel that an account of the books and other 
•oaroes of information accessible, and a c^jndensed exposition of 
the roast important pointa to be gleaned from them, might be of 
use to others. 

I. 

In the comEaencement of an inquiry into the laws governing 
the di^tribiitinn of sound in biiildingsi a student would natumily 
aeek information on the nature of sound and the laws of acoun- 
tics» from treatises ou physical science. The works best worth 
coHsultiug are the following, and I name them now to avoid 
interrupting tlie main subject afterwards: — The treatise on 
Sound, by Sir John Herscbel, publUhed in the * Encyclopeedia 
Hetropolitanaf' and since issued separately. This is the best 
work on the subject in English; but it has the drawback that it 
does not contain any account of the diseoveriea of the la.st thirty 
yeara, having been published in 183<X Mrs. Soraerville'a "Con- 
nection of the Physical Sciences.^ Detached papers by Prof. 
Wh^atstone. The article on Acoustics in the * Encyclopnc^dia 
Metro (>oli tana.' Arnott'^ * Elements of Physics.* Brewer *On 
Sound/ * Cours de Physique * of Mona. Biot. * Coiira de Phy- 
sique" f»f Mons. Pouillet. *Traite d*Acoustique/ by Chladni: a 
rtandanl work; also publiBhed in Ocrraan. And the writings of 
Savart and Biot and others, publiaheil in the * Annalea ile Phy- 
Bique et de Chiraie/ and the lectures of Savart reported in 
M'lnsitiii* On the special suWect of building we have published 
in Engljind, — ^Sautiders 'On Theati-es.* Wyatt *0n Theatres/ 
quoted in *Gwilt's Encyclopaedia.' 'Innaan's abstract of evidence 
connected with the building of the Houses of Parliament* A 
Ofmsiderable number of papers scattered through the Builder^ 
from 1846 to the present day, and in the Civil Engineer and 
Archiiect'it Jotirnal, especially those by Mr. Scott Rossel! befrtre 
the Koyal Society and this Institute In 1847, and a f«w small 
pamphlets and incidental notices in books on other subjects. It 
is right to add that this is not a complete list, but only a 
selectioD. 

Published abroarl we have, — 'Lachez i»ur TOptique et Acoua- 
llqne des Salles des Reunions Publiques/ a very practical and 
Bensibla little lK>ok. * Rhode, Theorie der Verbreitung des 
Schalles fiir Bunkunstler,* a small but very valuable pamphlet. 
Obsf^rvations hy C^hladni in hts book, and in contributions to the 
* Allgemeine Musikaliache Zeitung;' and a few other papers and 
books, I am informed moreover that a French work of great 
value on this sTibjeet exists, ditfei*ent from any of these, but the 
tille of which I have been unable to learn. 

From almost any one of the firsitrnamed books a general know- 
ledge of acoustics can be obtained; and if we make an attempt 
to sum up briefly what is kuou^i about sound, leaving out, as 
not essential to our present purpose, both the retinementa of 
itiftthematical calculation and the elegant results of experiments 
on undutatiun, vibration, the pitch of musical notes, anil other 
departments of the science, we arrive at a few definite results of 
philosophical inquiry which caJi be briefly stated, and will bo 
enough for the present purpose. 

Sound, then, may be regarded as motion made sensible to our 
ears; and the sense of hearing as a very retined, sensitive, and 
del teat* sense of touch, A moment's thought will suffice to 
rendud you, if thia description seem at first sight startling, that 
there is no sound unaccompanieil by motion, that there h but 
very little motion without audible sound; and lastly, that if 
motion exists but be so cut ofl* from our ears that do commu- 
Utcatiun c u take place, we hear no sound, 

Sound is not, like light, conveyetl through an imponderable 
medium; it, on the contrary, travels through all the substances — 
solid, liquid, and aeriform, that surround us; and it is precisely 
that class of substances best suited to convey motion^ which 
forms the best conducU^ra of sound; while those bodies that 
deaden and destroy motion, deaden sound also. For example^ a 
rod of elastic wood or of iron, will convey readily any motion 
from one end of it to the other, and such a rod forms one of the 
best known conductors of sound. A heap of s^md will, be it only 
thick enough, check the force of the most powerful cannon-ball, 
and, were there no means of hearing round it, such a h>-^np would 
equally deaden the refmrt of the caunon; unless indeed the air 
lurking Fietweeu the grains of sand conveyetl some taint impres- 
sions to the listener. 



We ar« however more familiar with the atmosphere as the 
conductor of the sounds that reach our ears than with any other 
medium, and as it is through the atmosphere alone that the 
sounds hearti in lai-ge roonts are transmitted, we shall have 
little occfisiou again to refer to the conducting properties of 
other nieilia. The atmosphere under favi>urable circunuatancea 
will transmit to great distances any agitation that is roused in it. 
As MU instance of this we may refer to the experinjents of 
M, Biot. Tliis gentleman having an opportunity of operating with 
a very long cast-iron pipe, forming part of an aqueduct in courae 
of construction at Paris, fouud that even wlien the pitxj was 
1040 yards or more than half a mile long, the explosion of a 
pistol fired into it at one end would blow out a candle at the 
other, and that the lowest whisper at the one end was as dis- 
tinctly audible at the other as to the speaker liimself. This 
experiment succeeded better at night than in the day-time. 
Although however the air in a tube where any lateral escape is 
impossible aliowa this marvellous seusitiveneas, we do not Hud a 
similar result from speaking in open, uncon fined air. It is a 
matter of fa,miliar experitsoce that sound under these circum- 
stances decays and dies away, till at last it ceases to become 
audible^ This decay is only the natural consequence of the fact 
ihat the original force is constantly spreading through a wider 
and wider space, and is getting, so to 8peak, dilute<l. A familiar 
illustration to yuu all will be the gnulually widening cii-cles that 
spread on the surface of smooth water from a sfM»t where you 
drop in a pebble, and whit'h, weakening as they widen, at last 
fairly vanish into the flat unbroken lake. 

The analogj" between the progress of sound and that of water- 
waves thus roused, is however less complete than is ordinarily 
supposed, for it usually happens that from the first, sounds have 
an initml direction impressed upon them, and that they travel 
further in this direction than in any other. The most familiar 
instance to us all is that of the human voice, which is always 
head very much further in front of the speaker than it i* at his 
sides or behind him The human voice is not however ivn excep- 
tional case; it is well to know that the larger number of sounds 
have sometiiing of this profiensity. A good example is a tuning- 
f uk; when the sound of this is excitecl it will be audtblf to a 
much greater distance square than cornerwiBe; that is to wiy, 
you will hear it better if the ear is in a line with the two arms, 
or in a line at right ang;les to one joining the two arms, th/iu it 
will if the fork is turueil a quarter rc»uud, so that a line joining 
the two arms would be at an angle of 4o° to one dniwu fix)m thu* 
ear to the fork. 

The decay of sound is very much prevented, not only by any 
initial direction it may receive, but also by any accidental cir- 
cumstance that prevents the xigitations in the air from spreading 
laterally, even if it be only one side that is contiued. Thus 
sound will travel a long distance along the ground, and it will be 
very audible along a wall, because the angle form«?d by the wall 
and the grnuod forms two sides of a sort of tube, and thus pre- 
vent43 part of the lateral eaciipe. There is an instance of this sort 
recorded in Dr. Button's Dictinujiry, that has been often quoted; 
a garden wall exists in Dorsetshire that will, he states, omvey iii 
this way a whisper 2i)0 feet, without loss of distinctness. 

Sound in an open atmosphere travels in a straight line; should 
it, however, enc<iunter an obstacle, t>r pa?3 tlie limit of anv 
boundary, it always sjireads to siime extent behind thnt obstacle 
or boundary. For in.sUiuce, in a church, an auditor exactly 
behind a atone pier and close to it will probably bear wnrae than 
if nothing wtii'e between lum :uid the clergyman; but still, even 
ch>ae to the pier he will hear; and if, keeping Tilwjiys the pier 
between him and the speaker, he moves further back, he will 
soon rench a point where he will hear as well wUk his can aa if 
there were no obstacle. I use the words " w^ith his ears'* 
adviiieilly, liecause the eyes always assist ua in our atteutiou to 
public s I leaking, and, of course, this assistance would be lost in 
the situation I have supposed. 

Sound, wheu it encounters an obstacle directly opposed to it 
is, however, beaten back, or reflected; the phenomenon of echo is 
familiru" to all» and is the result of such a reflection sending back 
the sound from a considerable distance. It wixs laid down by 
Mr. Scott Russell, in the paper read by him before you on this 
enbject, in 1847| that in the case of sound, the movements of 
which aie ciosely allied to water-waves, reflection does not take 
place except where the wave impinges on the obstacle at an angle 
greater than about SO degrees. Where the angle is less than 
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this, the sound does sot again leave the obstacle, but simply mas 
along tbe face of it — in fact, ia cond acted along it, in the manner 
we have ju8t had occasion to mention. All, or almoat all, whis- 
pering galleries are examples of this conduction, that at St* 
Faiirs being a very good one. Should the angle, however, at 
which the sound falk appruaeh nearer to a right angle, it will be 
reflected back, and will follow the same law as the reflection of 
light; that is to say, the angle of reflection will equal the angle 
of incidence, so that all sounds to be heard as echoes by tne 
speakers must fall on a reflecting surface exactly at a right angle, 
and if a sound reaches any surface at an angle of, say 45 or 60 
degrees from the right, it will be thrown o^ at the same angle 
45 or 60 degrees, bat to the left. 
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Thus, in the diagram, a sound uttered at A will be reflected 
back to A a^aiu; a sound uttered at B will be reflecteil back' to b, 
and a sound from C will be reflected to c ; but a sound uttered at 
D will not be reflected tod. It will travel along the wall and be 
heaAi at e, nr if the wall ends will spread and be even heard at/ 

It will be flimiliar to all that tliere are some echoes that can 
repeat one syllable, some two, gome three, aud so on, simply 
bicftuse in the one case longer time elwpsea than in tiie other 
before the echo gets back; and it will always be found wlien the 
sound takes longer time to make its journey to the reflector and 
back, it is because it has liail a greater distance to go over. From 
this we gather that the speed at which soimd travels, rapid though 
it be, is not so great but that the effect of even a moderate addi- 
tion of length is quite perceptible in the longer time it takea to 
reach the ear. In this j^articuhir sound diners from lieht and 
electricity, which travel so fast that, unleaa with great distance, 
the lime they consume in going cannot be detected. 

The speed of »i:niud in the atmosphere vftries with the greater 
or le«8 aenaity df the medium. It has been very frequently mea- 
Hure^l, and Herachel gives as the renidt of tbe best investigations, 
that sound in dry air at the tern pern tu re of (V2 degrees travels 
over ^tMJO feet in eight HPcouds. This statement is easily remem- 
bered, but it may be useful U> aiid that RiX)D feet or 3(kX* ynrds 
in eight seconds^ e<|uals 1 li5 feet or 37o yards in one second, or 
12j miles in a minute. 

As a practical application of this fact, T may extract from the 
same author the remitrk, that if music were performed in a room 
53 feet long, with an echo in the exlremtty, each reflected note, 
should there happen to be a pissage with as many as ten notes 
in a second, would exactly interfere with the followijig note 
wiwude<l by the musiciun* Pflssriges as nipid as this constantly 
<»ccur in modern music, and it is nut a very uncommon thing to 
hear tbem thus spoiled. 

The varietiea in the nature of sounds are very great. Thus we 
have music, artietvlate speech, and noise; we have variations of 
pil^b, of quality, of loudness, of volume, of intensity, and of dis- 
tinctness. We have in music combimitions of sounds in succes- 
sion to form melody, and simultaneously as harmony; and of 
sounds hear«l together, we have some combinations that are har- 
monious, and some that are discordant 

As An illustration of some of these peculianties, let us suppose 
the string of a harp struck and left in sound. We hear a long, 
definite note gradually dying away, but which, faint thtmgh it 
becomes, still retains its pitch. If, now, we examine the harp- 
string, we find it constantly vibrating to and fro with great 
rapidity; as it gets to rest, its excursions on each side of the line 
of repose grow shorter and shorter, but they neither become 
more or less frequent than when they were most violent It ia 



clear that each movement of the string must rouse a morement 
in the air — in fact, strike a blow upon it; and we begin now to 
trace some connection as likely to exist between the regular re- 
currence of these blows and the equable pitch of the note the 
string gives out, and also between their diminishing vigour and 
the fading loudness of the sound. It is, in fact, as t dare say 
you all Know, the regular recurrence of distinct impressions 
which occasions all prolonged sounds; and, with one or two ex- 
ceptions, this is always a consequence of vibrations. The way in 
which the separate shocks on the ear produced by the vibrations 
get fused into one sound corresponds very closely to what happens 
to the sight when a spark of fire is swung round so rapidly as to 
appear a fiery circle: the impression of the sound on the ear, like 
that of the spark on the eye, does not die away the very instant 
the exciting cause stops; and if that impression be renewed before 
the recollection of it has had time to vanish, the sense of hearing 
loses the consciousnesa that any intermission has taken place. 
{To ht eontintied.) 



EESTORATION OF LICHFIELD CATHEDRAU 

(Wiih an Engravmg.) 

Is this Journal for February last were given two views of the 
interior of Lichfield Cathedral, exhibiting the important i^stora- 
lions in progress in it, from the designs of Mr. G. G. Scott, RA-, 
with a detailed account of the work, and to which we beg to refer 
the reader. We now give anotlier illusinition from the same 
edifice, taken from the north aisle, looking westward, and show- 
ing the Ladye Chapel fitted up with seata, and the reredos 
restored to ita ancient place to separate the chapel from the 
choir. This arrangement is made in order that a uaily morning 
service may be read therein, in conformity with the provisions of 
the cathedral statutes* 



SUSPENDED GIRDER BRIDGES. 

90 TSl IStTOft or TBI CITfL inGIJTlKm JkWH AnCIIlTSCT'i JOtTftirAt.. 

Sir, — Since the publication of your article on this subject, I 
have applied the method of investigation described in it to the 
question of the strength of a suspended girder with a tnivelling 
load, in order to compare the results with those of the approxi • 
mate method formerly pursued by me, in which the effect of the 
chain in modifying the form assumed by the girder is neglected. 
I have not yet had time to write a detailed account of the inves- 
tigation, but in the meanwhile I beg leave to send you tbe more 
important results* 

Pniportion of the length of the girder which, ' mST ^*^*'**" ""lipoid 

lieing loa<letl with the travelling Load (com- in****nMiui- 

niendng at Viim end) produces the greatest 

strain on the girder ... j 

Ratio of the Io.*id on the chain arising from 

the traTeUini;^ load^ to the amount of the 

travelling loud .,. ,.. ,,, ... 1:1 
Pruportion which the itrength of tbe bub- 

pended girder ought to bear to that of a 

common girder capable of bearing the 

travelling load over its whole length ... 4 : 27 =01 iS : I 0'138 : 1 



I 



laexteDitiU«; . 



0-87 : 1 



In the last of these results, which is the roost important in prac- 
tice, the Rpprfjximate method errs on the mft «ide to the extent uf 
about one-tourteenth. 

By supposing the extensibility and figure of the chain to be 
such that its depression below the unloaded! position when under 
its proof load is nearly equal t<j tbe deflection of the girder, when 
unBu^pendedy under its proof load, the results of the two methods 
are made to agree. But as the chain is never capable of ^ great 
a depression, the supposition of ineitensibility is probably tbe 
nearer to the truth. If we take as the fouuilation for a pnictical 
rule the mean of tbe results deduced from these two suppositions, 
we find, for the proportion which the strength of the suspended 
girder ought to bear to that of a common ginier for supporting 
the travelling load over its whole length, 0*143 : 1, or nearly oiw- 
seventh. I am, &c, 

W. J. MACQuoiur RAirsTHs. 
Glasgow, 26th Dec, ISQO. 
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HISTORY AND DESCRIPTION OP ELY PLACE, 
HOLBORN. 

(With Engravingt.) 

Thb remark so often made, that stranperB see and know more 
of London than Londoners themselves, is trite enough, but not 
the less true; for, of the thousands who daily traverse the streets of 
the huee metropolis, (the multifarious and matter-of-&ct duties 
of life the end and aim of their hurried progress), the interest of 
comparatively but few is bestowed on the history or antiquarian 
lore of the mighty citv to which they belong. In particular, to 
the great majority of those who daily pass the iron gates forming 
the entrance to Ely Place, Holborn, the fact that within those 
precincts there exists one of the most interesting Mediaeval 
Duildings of which London has to boast, is a circumstance 
altogether unknown. The street itself is a terra ignota; it has a 
staid, monotonous, uninviting aspect, — ^it is a very cul-iie-sac, a 
whitened wall being its norUiem boundary. The aspect of its 
tenements significantly proclaims it the land of law and lawvers, 
and unless the necessity of professional consultation and aavice 
drew them thither, but few would care to enter. Till within a 
comparatively recent period the writer of the following account 
was as little acau^* ed as his felluw-citizens with the architec- 
tural value ana ^rest that is attached to the metropolitan 
palace of the Bi .ops of Ely, but having once visited the 
spot, he then saw enough to induce further investigation; and 
in the hope that in these days of appreciation of the beautiful 
in our Mediseval buildings, some attention may be directed to 
this most interesting but sadly-neglected example, he determined 
on sketching and measuring the whole, at the same time collect- 
ing all the reliable information connected with its ancient 
history. The entire detail will appear in these psjges: the Ground 
or First Story Plan of the Palatial Buildings, with an Elevation 
and Section of the Chapel Doorway, will be found in the present 
number. The history of the palace is as follows: — 

Ely Place, called at first El v Inn, or Hoetell, was built pursuant 
to instructions contained in the will of Bishop John de Kirkeby, 
who died in 1290, and bequeathed to his successors his mansion- 
house called the Bell, with nine cottages in Holborn, for their 
residence. William de Luda, the next bishop, carried into effect 
the wishes of his predecessor, and purchased other houses with 
lands adjoining, wnich he bequeathed to the church of Elv and 
his successors, on condition that his immediate successor should 
pay one thousand marks to his executors within three months 
after his confirmation; he also left two hundred marks to pur- 
chase the perpetual maintenance of three chaplains, to pray for 
his soul and the souls of the Bishops of Ely and their successors 
for ever, and three residences for them. John de Hothani, 
Bishop of Ely, by whom part of the choir in Ely Cathedi-al was 
erected, was also a considerable benefactor to the metropolitan 
palace, and in 1327 added the kitchen-garden, vineyard, orchard, 
and inclosed pasture, with other lands and tenements. In 1388 
Thomas de Arundel, afterwards tiUnslated to York, and thence 
to Canterbury, among many other additions, built the gate-house 
fniuting Holborn, on which, according to Stow, his arms were 
sculptured. 

The patron saint of the chapel of the palace was St Ethel- 
dreda, the foundress of the Cathedral at Ely. She was the 
daughter of Anna, ELing of the East Angles, and Hereswitha his 
queen, and was bom about the year 630, at Ixuing in Suffolk. 
On her first marriage with Tonbert, an East Anglian nobleman, 
the Isle of Ely was given her as a marriage dowry; and after 
Tonbert's death she married Egfrid, King of Northumberland. 
Bede asserts that with both her husbands she continued to live 
in a state of virginity, and having obtained Egfrid's consent, 
retired from the court, and took the veil at Coldingham. Her 
husband, however, retrateted the permission he had given, and 
she again returned home, only to leave it once more for the 
Isle of Ely (her marriage portion), where she commenced the 
erection of the monastery, in which her brother Adulfus, the 
Kiu^ of the East Angles, gave his aid. The monastery was of 
the Benedictine order, and the church, when finished, was dedi- 
cated in honour of the Blessed Virgin Mary, the foundress being 
the first abbess. The accounts of her mode of living, given 
by Bede, state that instead of liueu she wore woollen garments; 
that she took food only once a day, except at the hiffh festivals 
of the church, or during sickness, and that while her nealth per- 
mitted she never returned to rest after matins, but continued her 



devotions in the church till break of day. The fame of her sanctity, 
and the austerities of the monastic discipline observed, attracted 
numerous devotees, amonff them were her own relatives, Sex- 
bnrga, her sister. Queen of Kent, Ermenilda, daughter of Sex- 
bursa, and Werburga her daughter, who each in turn succeeded 
to the office nf abb^ Bt. Etheldreda died, as she had herself 
predicted, of a contagious disorder, and was buried in a common 
wooden coffin in the nuns' cemetery. 

*'01d John of Gaunt, time-honoured Lancaster," is said to 
have died here in 1399, the palace having; been assigned to his 
use by Bishop Fordham after the destruction by fire of the Savoy 
Palace by Wat Tyler and his followers. The various additions 
and benefietctions bestowed on Ely Place rendered it one of the 
most magnificent palatial residences, and some idea may be 
formed of its extent when .it is stated that the entire area, with 
its court-yards, residence, and gardens, according to some writers, 
comprised no less than twenty acres of ground, by others con- 
siderably more. Its boundaries were, north by what is now 
known as £[atton-wall, south by Holborn, east oy Saffron-hill, 
and west by what is now Leather-lane, originally termed lither 
or Litter lane.* 

In the days of its splendour, many and s^orgeous were the 
entertainments held witnin the walls of Ely Kace. At Michael- 
mas term, 1464, on the occasion of a call of new seijeants-at- 
law, a grand feast was given, to which the chief magistrate and the 
other civic authorities were invited. On sitting down to table. 
Baron Grey de Ruthin, Lord Treasurer of Eneland, took the prin- 
cipal seat of honour, his occupation of whidi was disputed by 
Matthew Philip, the lord mayor, who maintained that as the 
king's representative in London he had by ri^ht the precedence 
of all persons within the liberties of the city. The treasurer 
refused to yield, whereupon the lord mayor resented the affront 
by withdrawing, and giving a sumptuous entertainment to his 
brother magistrates and the city companies, at. his own 
residence. 

In 1495 a grand banquet was given to King Henry VII. and his 
queen by the seijeants-at-law, to whom, as they had not a place 
of their own large or suitable enough for such entertainments, 
the use of the haU was accorded by the bishop.f Another and still 
more magnificent festival, which lasted five days, and of which Stow 
remarks that "it wanted little of a feast at a coronation," was held 
here in 1531, when the serjeants-at-law, eleven of whom hadjust 
been honoux^sd by the coif, received as their guests Henry VlII. 
and his queen Katharine of Arragon (whose final divorce from her 
utterly unscrupulous husband was so shortly to follow), the foreign 
ambassadors, the judges of England, the barons of the exchequer, 
the master of the rolls, kni^ts and esquires, the lord mayor 
Nicholas Lambard, whose claim of precedency was recognised in 
the fact that he dined at the chief table; the aldermen, the masters 
in chancery, serjeants-at-law and their wives, — the last, curiously 
enough, although the parties chiefly interested, keeping in their 
own chamber. At the same time banquets were held by the 
citizens and the various crafts of London in their several halls. 

Amid all this revelry, however, the Bishops of Ely do not 
appear to have been unmindful of the more serious duties of their 
sacred office, and, in particular, it is recorded of Bishop West, 
who held the see of Ely in 1552, that he daily fed 200 people at 
the gate of the palace. 

The intelligence of the death of Henry VIIL was communi- 
cated by Henry Ratclyff, Earl of Sussex, to his countess from 
Ely Place; and the palace became the residence of the Earl of 
Warwick, afterwards Duke of Northumberland, who held the 
council here which ultimately led to the deposition and execution 
of the Protector Somerset. 

In the early part of Queen Elizabeth's reign, an act of parlia- 
ment empowered the Sovereign, on the occasion of any vacancy 
occurring, to take any episcopal lands belonging to the see, the 
value being paid in tenths and impropriate rectories. This bill 
was opposed by the eodesiastics generally, and in particular by 
Dr. Cox, afterwards Bishop of Ely, who was destined at no dis- 
tant date to experience its effects in his own person. Sir Christo- 

* In the wall of the Mitre Tareni, in a court leadins from Hatton-garden to Elj- 
placs, l8 a mitre ecalptnred in stone, and bearing date 1546. It it asserted that this was 
orifiinally fixed eiUier in the palace walM, or over the entrance gate-waj, bat the 
auwenticity of this tradition and the alleged antiquity of the mitre u very apocrrphal. 
t The gardens of Klv Place were noted tor the choice ihiit they contained. Allusion 
is made to this by Shakspere, in the phiy of Biekard IIT., where the Duice of Olt/ster 
accosts the Bishop of Kly, John Morton^^ 

"My Lord of Ely, when I was last in Holborn 
I saw good strawberries in yonr garden there: 
I do b ew wch yon send for some of them." 
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oher Hatton commenced his pablio career, it is said, by obtaining 
ner Majesty's approval of his proficiency in dancing, and after un- 
iuterrupted advancement at length attained tlie poet of Lord 
High Chancellor. Daring the progress of his prosperity, he 
entertained a wish to possess a portion of Ely Place for his abode, 
and induced his royal mistress to negociate to that efifect on his 
behalf. Accordingly we find that in 1576 the queen obtained 
from Bishop Cox, for her favourite, the lease of the gate-house 
(except two rooms used as prisons for those who were delivered 
in execution to the bishop's bailifi^ and the ground-floor rooms, 
appropriated to the porter's use), the first courtyard within the 
gate-house to the long gallery dividing it from the second, the 
stables there, the long gsdlery with the rooms above and beneath 
it, and some others, with the gardens and orchards and fourteen 
acres of land, for a term of twenty-one years. The rent due at 
Midsummer for the land, ;£10 per annum, and ten loads of hay; 
for the ffate-house and garden, a red rose, with a reserved right to 
the bishop and his successors to walk in the garden, and to ga- 
ther twenty bushels of roses annually therefrom. The property was 
80 much appreciated by Sir Christopher Hatton that he expended 
on improvements to the house and grounds £l9Qo 4m, ; and cal- 
culating on the influence he possessed with the queen, a grasping 
spirit of cupidity next induced a wish to obtain, through her 
majesty, an alienation of the property in perpetuity from the 
bishop. Elizabeth thereupon wrote to Bisnop Cox, requesting 
tliat he would demise the property to her until such time as the 
see of Ely should indemnify the Chancellor for the great expense 
he had incurred, by the repayment of the ;£l995 he had already 
disbursed, as well as whatever else he might yet expend upon the 
property. In answer to this summary reauest he made an earnest 
protest, alleging, among other reasons for non-compliance, that 
" he could scarcely justify those princes which transferred things 
appointed for pious uses unto uses less pious.'* This remon- 
strance, however, proved in vain; and after enduring much per- 
secution, he was compelled to submit to the conveyance of the 
property to her majesty for £1800, reserving, however, the pro- 



viso that the see of Ely should retain the power of redeeming 
the property on payment of each snma as had been expended 
thereon. The result of this negociation was the re-conveyance 
of the land, &c., forthwith to Sir Christopher Hatton. After the 
death of Bishop Cox, in 1581, the see of Ely remained vacant 
for eighteen years, during which time Queen Elizabeth received 
the whole profits, the spiritual administration of the diocese being 
onder the control of commissioners appointed by the Archbishop 
of Canterbary. At the end of the year 1599, she sent a conge 
delire to the dean and chapter, and Dr. Martin Heton became 
bishop. This prelate entertained and expressed an opposition to 
the alienation of the estate similarly to his predecessor, where- 
upon the vir^n queen, enraged by what she deemed his contu- 
macy, sent him the following well-known and characteristic, but 
not over-refined epistle: — "Proud prelate, — I understand you 
are backward in complying with your agreement ; but I would 
have you know that I, who made you, can unmake you ; and if 
you do not forthwith fulfil vour engagement, by God ! I will 
immediately unfrock you. — Elizabeth."* The bishop was sufii- 
ciently prudent to prevent the execution of this threat; and, in 
consequence. Sir Christopher Hatton thenceforth retained the 
property unopposed. He changed the name of the residence to 
Hatton House, and continued to live there till, on the 25th of 
November, 1591, he died — the victim of a broken heart, occa- 
sioned by the exacting demands for payment of £A0fiO0 of 
arrears due to the queen, which he had hoped would have been 
remitted, and which he was unable to pay. 

An account of the architecture of this very interesting example 
of Mediffival London, with a description of the engravings now 
given (as well as of the remaining plates, wherein all the details 
of the Chapel will be fully exhibited), will appear in our next 
number. 

* Sir Harris ITiooUs, in hit Life of the Chancellor Hatton, Bayi, no better authoritT 
exiata for this letter than the * Gentleman's Maijasine,' rol. Ixxiz. part i. p. 188, where 
it is Mid to be copied from the Register of Ely. It has been sometimes differeutlT 
worded, and its authenticity is considered rather oncertaio. 



ON THE CONSTRUCTION OF A RIGID SUSPENSION BRIDGE. 
By C. KopcKE, Greestemunde, Hanover. 




Tub vertical vibrations to which the common suspension 
bridges are to a great extent subjected have much restricted 
the application of tliese structures and rendered them unsuitable 
for railway purposes. Several proposals have lately been made 
to stiflfen the suspension bridges, but none of these appeal* to 
answer the purpose in a simple and safe manner. The construc- 
tiou to be here described, as shown in Fig. 1, consists essentially 
of two rigid beams susj)ended on the pillars and connected by 
means of hinges, and so curved as to sustain only a stcain similar 
to that of a chain when loaded equally over the whole length, 
but being strong and rigid enough to counteract the undulations 
resulting from a heavy transit load (Fig. 2). The calculation of 




Fio. s. 
the strain in the different parts is based on the theory of the line 
of teusion, which has here a similar application as the line of 
pressure in the calculation of arches. The essential difference 
however is this: that in an arch several lines of pressure can 
always be drawn, everyone of which gives a different result in 
respect to the strain on the material, so that it remains undecided 
which line of pressure will actually come into operation. More- 
over in an arch the line altei's its form according to the tempe- 
rature, and in consequence of the starting points at the crown 
aud in the abutments not always being the same. 
In usiug hinges which will allow of the beams moving vertically 



by change of temperature at the points of suspension, as well 
as in the middle of the opening, the line of tension is at once 
fixed; it must necessarily pass through those three points, and 
its form can be ascertained with the utmost precision for any posi- 
tion of the load brought upon the bridge. 

Now, when the form of the line for a special case is found it 
will be possible to calculate the strain on the main chain as well 
as on the bottom flange, both being connected by lattice-work or 
diagonal bracing. 
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Fio. 4. 



Let A (I^g. 3) be the main chain, B the bottom beam, and C a 
point of the line of tension calculated for a special case, having 
the distances a and b from the chain and the oeam respectively. 
The horizontal strain in the line of tension may be called S, 
that on the chain IS^ and that on the beam Z; then there will 
subsist a relation between the different strains similar to that of 
a beatn resting on two supports and being loaded at a certain 
point of its length (Fig. 4), viz:— K . a = Z . 6, and Z -|- K = S, 

h a 

80thatK=S. -7-r,andZ = S.— -^* 
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^ To get the calculation of the line of tension as simple as pos- 
sihie, suppose- both the constant and the moving load uniformly 
distributed over the horizontal projection, whence the line of 
tension will be a parabola. In case of the load not being spread 
over the whole length, the line of tension will be composed of 
parts of two different paraboke. The tension of the main 
chain or rope when loaded on its whole length is so easily 
determined that it is not necessary to give the calculation, but 
to take under consideration here only the bottom flange and the 
lattice-work or diagonal bracing, when one-half of the span, or 
what will be the same, one of uie two suspended beams, is con- 
tinually loaded with the passing weight, and the other half 
unloaded (Fig. 5). 




Fio. t. 

Let the half-span be = A, and the height of the points of 
suspension above the junction in the centre =^ the permanent 
load = 9, the moving load = p, per unity of length. 

Now we may assume the unloaded half BC, considering its 
construction as a beam, to be a firm connecting piece between the 
points B and C, as it might also be effected by a rectilinear rope. 
The pressure on the support C, caused by the moveable load 
may therefore be derived from the strain T of_a rope BC, sup- 
posed to be weightless. Produce the line CB to a point D, 
whence a line drawn normal to DC will pass through it, and let 
the length AD be equal to «, then we have the equation: 

T.#=^ , 8mce« = 2Asina, 
2 

andsina= .J^ , T =^^V7s+P 

The vertical component of this strain will be=:Tsina = ^ 

4 

4/' 

The permanent load 9, uniformly distributed over the whole 
length, causes in each of the two supports a vertical pressure 

=9^, and a horizontal strain = ^—- ; we have therefore the whole 

2/ 

pressure in A, 

V, = gA-h|M = (?+jp)A, 

and in C, Vj,=(^+^)A; 

whereas the horizontal strain throughout the whole length is 

Having the value of HV^ and Vj it will now be possible to find 
the semi-chords as well as the heignts of the two parabobe which 
compose the line of tension and join in the middle hinge, whereby 
the line of tension will be entirely fixed (Fig. 6). As regards fii-st 



and the horizontal component =Toosa : 




Fig. 6. 
the loaded half, the horizontal distance h^ of the vertex from the 
point A can be deduced from the vertical pressure in A as follows: 
\q-\-p)\ =:Vi = (^+ip)A, therefore 

Further, the vertex of the parabola lies at a depth /, below the 
level of the points of suspension, to be found by the relation 



ji 2 
/iH=(p+^) -~- , whence it becomes 

^^_ (y+ip)y 

Thus the parabola which represents the line of tension in the 
loaded half can be drawn, the values of /^ and A, being known. 
As regards the unloaded half, it is evident that the geometrical 
tangents to the line of tension at the middle hinge must be 
directed upwards towards C, because Uiis hinge has to transfer 

the weight of ^ . The vertex of the completed parabola of 

which the line of tension between B and C forms a part, lies 
beyond the middle towards A, and as we call q the weight upon 
the unity of length in a horizontal distaLce from B equal to 
pA 
-- , then the semi-chord Aj of the parabola from C to its axis 

will be 

The rise /j of this parabola may be determined by the relation 
H . /2=r ~ , and substituting for H its value it becomes, 
^_f (P+4?)' 

Thus the values/, and Aj being known, the part of the parabola 
which represents the line of tension in the unloaded half is also 
determined. 

By means of the relation between K, S, and Z, the strains on 
the chain and bottom flange can now be determined for every 
special case. It is a matter of course that the most unfavourable 
mode of loading must be always assumed. In ascertaining there- 
fore the strain of the chain, we have to consider the bridge as 
completely loaded, while only one-half of this load is to be taken 
into account in computing .the tension of the lower member. To 
illustrate the case by an example, suppose 
The moving load p=3500 lb. 
The permanent weight ^=2000 lb. 
The span 2A=400 feet 
The height /=33J feet 

The height of the middle hinge above the bottom flange=8 ft. 
Then the greatest strains on the chain and the bottom flange are 
to be calculated as follows: — 

In sulwtitutiug the figures in the equations above we get these 
results: 

Ai=168-18 feet /i = 34-665 feet. 

A3j=287-5 „ /2= 36-76 „ 

Let the middle hinge be now the point of origin, and the hori- 
zontal line through it the axis of abscissae : then we get the fol- 
lowing table of ordinates for the different lines of tension in each 

half of the bridge:— 

Oedixatib (Foot). 

ABitcissA Total LoAd. Partial Load. 

(Foot). Loaded half . Unloaded half. 

20 0-333 ... -1066 ... l"/! 

.40 1-338 ... -1-164 ... 3-80 

60 3000 ... -0-274 ... 6-25 

80 6-838 ... 1-683 ... 906 

100 8-338 ... 4-419 ... 12-21 

120 12000 ... 8-231 ... 1671 

140 16-333 ... 13022 ... 19*66 

160 21-333 ... 18-790 ... 23-80 

180 27-000 ... 26-636 ... 2839 

200 83-333 ... 33-333 ... 33-33 

The horizontal strain in the line of tension when the whole 
bridge is loaded is equal to 

iS±i^ . (3600+2000)20^^ ^^ 

2/ - 2.33-33 ^fO^'^^^ 

The strain at the point of suspension 

= V3,333,333«-f (5600 . 200)« = 3,508,720 lb. 
The horizontal strain in case of only one-half of the span 

/ pvA'-* 
being exposed to the moving load is found tobeH=lg + -J— 

or, in figures, H = 2,250,000 lb. 
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The strain at the point of snspension on the side where the 
bridge is loaded amounts to 

=t/2,250,000»-f (168-18 . 6600)*= 2,433,000 lb. 
and on the unloaded side, 

=V2,260,000='-|- (287-6 . 2000)" = 2,322,000 lb. 
When the bridge is not loaded at all, the horizontal strain equals 

-^ = 1,200,000 lb. 

and the strain at the point of suspension, 

• l7200;00d«+(20072000)«= 1,266,0001b. 
If we allow now a strain of 8600 lb. per square inch, then the 
section of the main chains (which may be three in number for a 

3.333.333 
double line of rails) must amount to \J^ — = 392 square in., 

or for each chain 131 square inches. 

Concerning the bottom flange it must be remarked, that as it 
lies horizontally supporting the ends of the cross beams, the area 
of its section must be varimL At 20 feet distance from the middle 
hinge we have the ordinate of the main chain =0*333 feet, that 
of the line of tension on the loaded side = —1*066 feet; the 
depth of the bottom beam below that line = 8— 1*066 = 6*944 
feet The hori^ntal strain in the line of tension, the bridge being 
loaded unequally, = 2,260,000 lb. This strain is transferred 
partly to the chain, partly to the bottom beam, in proportion to 
the distances of each from the line of tension, so that the strain 
coming on the beam equals 



Z = 



0-333 + 1-056 



2,600,000 lb. 



At 



>get 



8+0-333 
Z = 376,000 lb. 
60 feet distance from the middle hinge 
Z = 686,000 lb. 

At 100 feet distance, Z = 664,000 lb. 

At 140 feet distance, Z = 331,000 lb. 
Thence to the point of suspension a separate iron is applied 
of such a form that the stram to which it is exposed remains 
constant. On this part of the bridge the roadway is merely 
supported by suspension rods (fastened on the main beams), as 
no diagonal trussing is required. These beams have no 
support at the ends, but provision must be made that no 
horizontal oscillation can result from their being at liberty to 
move laterally. On the unloaded side of the bridge pressures 
result in the partly-horizontal partly-curved bottom beiun, 
because the line of tension passes above the main chain; but 
these pressures, which may be found by the above table in 
the same manner as the strains are found, are of no particular 
interest, since they become smaller than the strains at the 
same points when the bridge is loaded on this side. If it be 
considered preferable to avoid all pressure in the bottom beam, 
it would only be necessary to draw the elevation of the chain 
according to the line of tension in the unloaded side in case of 
single-sided loading; the consequence hereof would be that the 
bottom flanfi;e would partake of the strain also in case of uniform 
loading, and therefore require to be made stronger, but always 
considerably less than double what is here calculated. 

The differences of strain in the bottom member are compen- 
sated by the lattice-work or diagonal bracing (shearing effect), 
and may be calculated here in a similar way as in ordinary 
beams. This shearing effect is here considerably less than in 
beams without strain in the axis, therefore the lattice-work can 
have small dimensions and great openings. Plate iron of such 
a thinness as would be requisite here is hardly applicable; but it 
may be mentioned, that with respect only to the shearing force 
the vertical plates (that is, of sll three beams) would require a 
weight per square foot of elevation — 

At 20 feet distance from the middle hinge, of ... 8*057 lb 
At 40 feet distance ... ... ... 2'393 lb 

At 100 feet distance, only ... ... ... 0064 lb 

supposing the strain on the square inch to be 6000 lb. 

In arranging diagonal braces with 46° inclination, so as to 
resist the pulliuff forces only, and vertical posts asainst the crush- 
ing forces, this brace-work would reouire a weight nearly ^ve 
times as much as that just calculated tor plate iron. 

The weight of a bridge of 400 feet span, approzimatively cal- 
culated, stands thus: — 



Main duuDs, of an average sectianal area of 186 square faiches, lb 

8.186.400.8 ... ... ... ... ... 489,600 

Bottom flange and beam canying the railway — 

2.8 . [60feet (40 sq. in.+60 sq. in.)+140feet.80 sq. in.]=: 108,200 

The braoe-work has an average weight of 6 lb. per supetficial 

foot of the total area between francs — 8.2.2400.6= 86,400 

Cross-beams, ananged in plan like a net, to stiffen the bridffe 
laterally against the effect of wind and passing loads — 820 m 

number, 21 feet long, and weighing 80 lb. per foot run ... 201,600 

Suspension-rods, 1450 feet at 6 lb. ... ... ... 8,700 

Wind-braoee between the main chains ... ... ... 10,000 

Bivets, &c. ... ... ... ... ... ... 80,000 



Total weight in lbs. 929,500 

TLT u- f 4, 929600 „^„, „ 

Makmg per foot run, = 2324 lb. 

• Besides this should be included 200 lb. per foot run for rails, 
sleepers, and planking, increasing the constant weight to 2624 lb. 
per foot run, whereas before only 2000 lb. was assumed. This 
difference properly demands a fresh calculation under the suppo- 
sition of 2624 lb. constant weight, but as it is not intended here 
to give an exact estimate for a special case, it will suffice to re- 
mark, that in keeping the dimensions found above, the strain on 
the main chain would increase from 8600 lb. to 



36004-2624 
3600+2000' 



8600 = 9290 lb. per square inch of section. 



It is evident that this system is also applicable to arched 
bridges, and that here the same advantages are to be obtained 
as in applying it to suspension bridges. The principal defect 
of wrought-iron arched bridges as they are now usually con- 
structed (and the best model of which is considered to be the 
Pont d'Aroole, Paris, projected by Cadiat and Oudry), cannot be 
obviated without the introduction of a hinge in the centre of the 
arch. For, if the arch is made somewhat high in the soflit in 
order to get it sufficiently rigid, the structure will be endangered 
by the influence of temperature. The increase of tempera- 
ture produces an extension of the whole arch and a rise in the 
middle, the consequence of which will be that the upper flange 
becomes more lengthened than the lower one. The amount of 
these mutations effected by the changes of temperature depends 
on the height of the arch. The Pont d'Arcole has ribs of only 
small rise in the centre, and therefore the influences of tempe- 
rature are here less considerable; but this advantage is obtained 
at the expense of the strength of the ribs, which are more liable 
to deflect when a load passes over the bridge. This disadvan- 
tage is fully obviated by introducing a hinge in the centre — ^the 
arch can in that case freely extend and rise without being 
exposed to a dangerous strain, and the height can be made 
great enough not to admit of any detriments deflection. As 
above defined, hinges should also be introduced at the abut- 
ments. 

All uncertainties respecting the amount of the strain on the 
material are now entirely removed. The amount of pressure can 
therefore be distinctly determined, so that all strains to which 
any parts of the structure may be subjected can be computed 
beforehand with exactness. 



Hall and WiM Submarine Cable, — At the meeting of the 
Literary and Philosophical Society on the 11th ult, Dr. Fair- 
bairn exhibited four specimens of Submarine Telegraphic Cables, 
as constructed by Messrs. Hall and Wells, of London. This 
cable has a copper wire insulated by india-rubber in the centre 
for the transmission of the electric current. Outside of this are 
twenty longitudinal strands of hemp stuped in pitch and cork 
dust, and eight steel wires braided together with twenty-four 
strands of hemp saturated with Stockholm tar. The specific 
gravity of the cable in sea-water is 1*4, and its weight in air 0'82 
ton per mile. The length that would break with its own weight 
when suspended in sea-water is 10,810 fathoms; its tensile 
strength being 2*876 tons. Dr. Fairbaim presented an account 
of experiments which had been made on the elongation of a 
sample of the cable 20 feet long by the application of different 
tensile forces. With a force of 4480 lb. there was an elonga- 
tion of half-an-inch, and after the weight had been removed 
the cable was found to be permanently stretched •^V^'^^^- 
With a force of 6440 lb. the cable broke after having stretched 
\^ inch. 
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ON THE ORIGIN AND DEVELOPMENT OP THE USE 

OF CRYPTS IN CHRISTIAN CHURCHES* 

By Abthur Ashpitxl. 

Thkrs are few objects, the work of man's hand, that affect 
the miDd with more solemnity than the crypt of a cathedraL 
The massive character of the edifice, which not only carries its 
own ''arched and ponderous roof," but also the more imposing 
and heaven-aspiring building above it; the sepulchral asi^ct (? 
tlie vaults, the dim, broken li^ght, struggling faintly from aisle to 
aisle, which scarcely is sufficient to guide the gazer's feet; the 
enduriuff solitude; the silence, broken perhaps at intervals only 
by the distant roll of the diapason of the organ, descending 
from above through the massive masonry, — all tend to affect the 
mind with the aeepest solemnity: and yet it is curious that 
less perhaps has been written as to these extraordinary fabrics 
than any parts of our noble ecclesiastical edifices. They seem to 
have been passed over as certain substructures necessary to 
carry the building above, which being there, were used for the 
purposes of sepulchral rites, or of sepulture itself, but of whose 
origin or history little or nothing can be related. It is my pur- 
pose to endeavour to ffive some slight sketch of the origin of 
these structures, and Uie progress made in their size and im- 
portance for many generations, till from some unknown cause 
they almost suddenly ceased to be erected as parts of Christian 
churches. 

The construction of subterranean chambers of all kinds was pro- 
bably suggested by the existence and use of natural caves. The 
desire to enlarge these for the purposes of dwelling, concealment, 
or stowing away articles of value, naturally would lead to the 
formation of rock-cut caverns by excavation. It appears also 
from Scripture that such caves were early used as places of 
sepirttnre. Thus we all remember in the Book of Genesis that 
Abraham purchased the cave of Machpelah from Ephron the 
HitUte for 400 shekels of silver, that he might inter the body of 
his wife Sarah. The earliest subterranean excavations are pro- 
bably the catacombs of the Egyptians, which are described by 
most authors, and particularly by Pococke. He gives account of 
some to the south of the Pyramids of Saccara, others near 
Alexandria; and particularly some of extensive dimensions near 
the old canal of Canopus. These last consist of large galleries 
running out of each other at right angles, in the walU of which 
are a^ number of excavations rang^ side by side, more re- 
sembling the boxes in which we keep our papers, and which we 
fiuuiliarly call pigeon-holes, ihtm anything else. He has shown 
them in ranges; each opening large enough to hold a mummy 
placed endways, each range containing eight openings, side by 
side, and three in height Whether these suggested the cata- 
combs of Rome and of Sicily it is but of little use to inquire, as 
the subject more immediately before us is the crvpt itself. 

The word, as we all know, is derived from the Greek Kpinrrti, 
I hide, or conceal. But it seems curious that the word irpvrmy.as 
applied to any similar construction, is of rare, if not of solitary 
occurrence among the Greek writers. It is used by Athenseus 
in describing the works of Ptolemy Philopater. In this passage 
the word icpinmi seems to mean a vaulted roof, and cannot be 
said to apply to a tubterraneoiu building, but as the chamber it 
covers is expressly called tnrtpuow, or an " upper chamber." The 
Latin word " crypta" (no doubt derived from the same root) is 
also of rare occurrence. We find it in Juvenal, and there 
evidently it means part of the great sewer, or "cloaca maxima." 
It is used by Petronius (p. 47, Amst 1669) in a passage which, 
according to Burman means the same thing; but Erhanl, on the 
authoritv of an old glossarv, considers it Jbo be a subterranean 
chapel dedicated to the god Priapus.t In Seneca (ep. 57), and 
in a passage in Suetonius (Caligula, 58), the word crypta J clearly 
means a subterraneous tunnel or passage. Vitruvius uses the 
word but once (lib. vi. 8), and that m a list of offices necessary to 
a country-house, viz.: — "Stables and sheds in the vestibule (or 
outer courts), and crypts (cryptce), granaries (horrea), and apo- 
thecte (stowage places, particularly for wines), and other places 
for preserving fruit, which should W in the houses." An attempt 
has been made to show, as Varro de R. R (lib. i.) tells us the 

* Aeftd At the Rojral Inrtitate of BritUh ArcUtect«. 

f Some hjive •uppoeed the oypt alladed to was the fiunooB one at Naples, in vhich 
was a chapel to thli god. The whole passage is Terr obscure, espedally as the text 
is imperfect, and what took place was " ante crypUm/' 

X "Com in cxypta per qnam transeundnm erat, poeri nobiles ex Asia. . . .at eoe inipi- 
eeret hortaretaique resttttt.** CaligtOa had risen, and was going out, when he was 
Wiled in thU crypt. 



com was often kept in pits underground, that the ^'cryptad" 
must necessarily be subterraneous; but as "horrea" clearly are 
the granaries, the proof is defective. In fact, all we can gather 
from the passage in Vitruvius is that *' crypts" were used among 
other places, '*ad fructus servandos." 

It is therefore doubtAil whether the word in classic times ever 
had the signification which we now give to it; still less should 
we confuse it with the word ^'crypto-porticns,** a construction 
which resembled rather the walks of one of our cloisters than 
what we call a crypt: although we gather from the description 
of Pliny (ep. ii. 17),* and from Sidonius Apollinaris (ii. 2), that 
these walks were partly sunk in the ground to keep them cool. 
The best example extant is perhaps that round the garden in 
the villa of Diomedes at Pompeii.t 

But before going directly into the history of the crypts in 
Christian churches, it will be well to advert to some of the' 
Etruscan sepulchral chambei*s, which resemble very closely the 
early crypts, and by which they probably may have been sug- 
gested. Like the tombs of the Greeks, they were always below 
ground; in fact, where this was difficult to accomplish from the 
flatness of the country, a circular apartment was ouilt, and the 
earth piled over it so as to completely cover it The Gi^k tomb 
was generally a sort of chamber to inclose the body; sometimes a 
mere stone coffin,— sometimes very like our own £Eunily vaults, 
but without the arch. The Etruscan tomb, on the contnury, was 
the banaueting-hall of the departed spirits.]: Hewn out of the 
solid rocK, the ceiling was nevertheless carved to resemble the 
timber rafters of a chamber, the walls panelled like wainscot, — 
benches, armchairs, footstools, tables, all hewn from the solid 
rock, fill the chambers; while the walls are hung with weapons 
and tripods, lamps and other utensils lie about, and the panels 
are filled with pictorial representations and stucco figures. There 
is, in fact, little doubt that the Etruscan subterranean chamber 
^as a complete copy, in design, decoration, and arrangement, of 
an Etruscan dwelling-house. A plan and interior view of the 
famous tomb at Tarquinii, commonly called that of the Cardinal, 
is given by Canina (*£truria Mar.' pi. 84). The plan is that of a 
square chamber, cut out of the solid rock, the ceiling or roof of 
which is supported by four solid piers, strongly resembling that 
of some of the early Mediseval crypts. 

It would now be a very curious and interesting inquiry as to 
the customs of sepulture among the ancients by burning or by 
burial; but it would, though bearing directly on the subject, l>e 
too wide and extensive a research for the present occasion. Suf- 
fice it to say, that the customs of sometimes burning, and some- 
times burying the dead, were practised by all the three nations — 
the Greeks, Komans, and Etruscana A very high authority, the 
Canon di lorio, who had excavated as largely as any one, savs 
(' Sepul.' p. 28) that, among the Greeks, not more than one body 
out of ten was burned; while among the Romans not more than 
one out of ten was buried. In fact, it appears from a passage in 
Homer (' Iliad,' vii. 334), that burning was practised among the 
Greeks as a matter of convenience, for Nestor recommends that 
the bodies which had fallen in battle should be sought out and 
burned, that the remains might be more easily carried to their 
children when the heroes returned to Greece. A mong the Ro- 
mans, we have the direct testimony of Pliny (*Hist. Nat' vii. 55) 
that in ancient times their practice was to bury the dead ; and 
this prevailed among the old families even till a late period; 
Sylla being, as he informs us, the firat of the Grens Cornelia 
whose body was burned. 

At the time of the Christian era, as we shall see, the practice 
became almost universal; but, as Christianity became more dif- 
fused, it gradually fell into disuse, till Macrobius (* Saturn.' vii. 
cap. 7), who is supposed to have written his work about a.d. 420, 
tells us, in his days the pnictice of cremation was quite left ofi; 
and it was known to him bul^ from reading. 

But whether the one or the other of the modes were preferred 
by the Romans, one rule was strictly observed. It was a law of 
the Twelve Tables neither to bum nor bury a dead body within 
the city walls, a space which of course included also the " Pomoe- 
rium." The words are given by Cicero in his treatise ('De 

"* 8ee aleo lib. y. ep. 6. " Sub est crTptoporticos subUrranece tUntta. attate indiuo 
Mgore riget. eontenta que aSre eno neo de«iderat auras nee admittH." 

f The eiOa su'«r6aiia of Oell: Pomp. rol. 8. There was a terrace abore the crjrpto- 
porticos, in which were a larae Dumber of empty am phone stack upright in dry sand. 
A conjecture was ventnred that these were pat oat to be wa^hed oat preparatory to 
the Ttntage. The destmctioQ of Pompeii took place at the end of Aagost. 

t See also Dennis, ' Cities and Cemeteries of £traria,' L 863; aI«o, 16. i. IxTi. page 
M, 167, &c &c. 
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LegibaBp'l 2) thus, "Homineni mortttam in urbe ne sepellto neve 
uritoj" and this law prevailed for mauj centuries after the Chris- 
tian era. 

One great barrier which the early Christians invariably 
oppwDsed to the persecutions of their heathen nilera was this, — 
that they scrupLiliiualj obeyeil the liws of the country wherein 
they may have sojourned, or of the superior who governed; pro- 
vided that these laws did not possibly command them to do any- 
thing absolutely contrary to their faith, the most prominent of 
which was the sacrificin;? to idols. In other respects they declared 
themselves the most faithful of citizens. Accordingly, we tind 
there were no burials within the bounds of any cities, either 
Christian or pagan, for several centuries after the Cliriatian era. 

The Roman autiquary will remember how he must have been 
struck to see the hu^e vestiges of tombs and monuments stretch- 
ing away across the Campagna, down the Flaminian, Salariau, 
Prcenestine, and above all the lAtin and Appian Ways, For 
miles the memorials extend along both sides of the road leading 
to the city; for miles, tombs — some of gigantic, some of moderate, 
and some of very small proportions— hue the ixiads leading to the 
refined city that once governed the whole world, and must have 
given a strangely impressive effect to its entrance — that the 
introduction to the presence of the greatest among the liWng 
should have been through the silent ranks of the reraaiua of the 
dead. 

But the Christian feeling revolted from the practice of burning 
the dead; and this variation from the conveutioaalities of society 
(as it is the fjishion to express ourselves in this day) gave rise to 
great prejudice on the part of the pagans agaiust the Christians 
at that time. Many of my hearers must have rea<l the delightful 
apology of Minucins Felix for the Christian religion. This beau- 
tiful little treatise, in manner, langunge, and elegance worthy to 
be compared to some of the best philosophical essays of Cicero, 
iittroduces the Christian Octavius, walking with nis heathen 
friend Csecilius, at Ostia. The mighty ocean, the everlasting 
hills, are before them, exhibiting the unlimited power of the 
Deity; while the occupation of a few boya, who are amusing 
themselves with pitching smooth pebbles into tlve sea, .and wat^^h- 
ing them spring from wave to wave, is a fine illustration of the 
vanity, the noUiiugixess of human pursuits. The friends begin 
o moralise, and the pagan remonstrates with his Christian com- 
panioti as to some ^oss charges brought acainat them, such as 
worshipping an ass a head, — an accusation, by the way, which it 
appeara from some coins may not have been unfounded as against 
that strange sect the Gnostics, who represented their deity, 
Abraxus, with such a head. After this had been refuted, Cseci- 
iius begins to blame the Christians for some peculiarities he 
deems absui-d. He objects that they are not content, like other 
people, that their dead bodies should be burnt; because they 
fancy, if they should be depoaited in the earth instead, they are 
to rise again to the skies at some futui-e time. But the Christian 
apologist answers him, " What care we if our bodies are dried up 
in the sandS; or perish in the waters, or are consumed into 
cinders, or are dissolved into vai>our — the Almighty receives the 
elemeuta. Nor do we, as you believe, fear any damage to the 
soul from auy manner of i«'pulture, but we follow that which we 
consider the older and better method, of burial in the earth " I 
will not pursue the eloquent and touching explanation of the 
Christian — ^it is too long for our purpose. I only quote a short 
part, to show how the customs of the heathens and Christians 
ditlered at that time, and how the latter adhered to the pnictice 
of inhumation. But this wa^ written scarcely a century after the 
apostoliciil |>eriod, antl before the more organised pei-secutions 
which followed, the history of which, though deformed by ridi- 
culous legends and exaggenitions, is still a very great and affect- 



ing part of the annals of our religion. 
Togo* '- 

inquiry tor the space 



To go into this history would be not only beside the pnrpoee, 
but far too extended an inquiry for the 8pa<i we have. Suffice it 
to say» fix>m the exigencies of the persecution f»f the Chri«tians 
aldose two most important circunntances— the use of the basilica 
at a place of worship, wliich aftcrsvank became the settled form 
of the Christian church, — and the use of the catacombs, the 
"cubicnW*or crypta, in which were the principal cause of the 
use of crypts in churches. It appears that at first the Christians 
interred the dead in open fields, which were called "arese," and 
we have the t«atimony of TertuUian, that when Hilarion was 
prefect the use of these ** arese sepulturarum" was denied to the 
Christians. ** Let there be no arete,** was the decree, A similar 
expression is found in the Acta of St, Cyprian. Eusebius tells us, 



toO| that their cemeteries were taken away from the early Chris- 
tians, and not restored to them till the time of Gallienus, a.d.262.* 
In fact, one part of the policy of the persecutor was to deny 
the rites of sepulture to his victims. According to Prudenttna, 
the body of Hippolytus was cut into little pieces and scattered 
abroad. Many bodies were bnrnt, and the ashes given to the 
winds; many thrown into wells, and others into the sea. One 
of the most curious instances is cited by Baronius, in the Acts of 
the martjT Thanicus or Taracus, The Pr^sus Maxim uf^ who 
seems tf> have resembled Judge Jeffereys in his violence of temper 
and language, burst out at the martyr — " Won't I destroy you ? 
Yes ! and, as I said before, even your remains. The little women 
shall not roll up your carcase iu fine linen, and cover it with 
ointments and odours. No ! IMl command you to be burnt, you 
scoundrel, and your ashes to be scattered to the winds." Under 
these trying circumstances, one tradition tells us, the Christians 
were compelled to flee to the crypta, or catacombs, both for the 
exercise of their worship and for the burial of the dead. Another 
tradition recorded by Baronius, states that the Christians, being 
condemned by their persecutors to labour in the mines like sis ves, 
some of them were sent to these sand excavations, and took the 
opportunity to nse them for the purposes before nameti 

Through the greater part of Italy, particularly round Rome 
and Naples, there are vast beds of an arenaceous sul>fltance, called 
** pozzolano." It is a very close and compact body of sand, mixed 
with a sort of burnt argillaceous matter in granules, very much 
resembling pounded brick, and is evidently of volcanic origin. 
Being the best possible material for making hydrauhc mortar, it 
has been dug out in a conntless number of excavations for ages; 
in fact the excavations are going on now. The material is very 
easily moved, and vet stands with extraordinary firmness; in 
truth, unless water ^as got amongst it, there is scarcely an in- 
stance of the roof or walla (so to Bjieak) of an excavation falling 
in. It howe^^er varies much in hardness and quality, which 
probably accounts for the irreguhmty of the passages; the work- 
man turning t<j the right or left, or ascending or descending, as 
the material was more or less easily worked, or more or less 
valuable. It also contains fre<|uent masses of tufo, in which the 
cubicula or crypts proper are generally excavated. 

The Romans called the pozzolano "arena," or sand, and the ex* 
cavations ** a re o aria?/' or sand- holes. Many of the Roman burial- 
places for depositing the ** ol!ie,'* or urns which contjiiu the ashes 
of the dead, are excavated in this soil. But the most remarkable 
of all are these celebrated crypta in the catacombs near Rome. 
What are eommouly called catacombsf are innumerable narrow 
passages tunnelled out in the solid earth, not more than 4 or 
6 feet in width, and about 7 to 10 feet iu heigh L Having been 
exavated without plan or settled pur|>ofle, tliey run iu every con- 
ceivable direction — ^aome side by side, some over each other» 
forming a most inextricable labyrinth — and that of such dimen- 
sions lis to astound and bewilder the viBitor. Aringhi has given 
several plans of parts of these; it will be seen on reference to his 
works they form mazes of passages, like the adits in a mine. 
The principal plans given by this writer are those callefl the 
Catacombs of St. CalOstus, St. Agnes, and St, Marcelliuus. In 
one plan, that of a small part of the former, it has been esti- 
mated there are full five miles in length of these adits. In the 
time of Baronius, forty-three of the»e cemeteries were known: 
at present it is probable twice the number have been found. 
Taken together it is estimated that there is a sort of network of 
these prtssages under Rome, which must measure at least 
IC)0 miles* in*the sides or walls of these are a countless mnlti- 
tutie of excavations, mostly about half a yar<l deep and about 6 ft. 
in length J in fact, square horizontal nichea to hold the IxHJy — not 
of the pigeon-hole Kishion of the Egpytians, but like bodies laid 
lengthwise, on a sort of ahelves* Sometimes there is but one body 

* Tiut whole of tlilt epiitle of DioDjralut or Aksimdrlft to HermiitnrKm i4 curioas. 
The p^cf(^ct jEmiUnji moie* to let Ibe Cliiistiini make oonveDlicttl-i, or to " go ma 
tbef caU tbem) to oemetoriM.** It !■ dC«d «C lengtli, Ka«eh. Hbt. Eccl. irik. U, Tho 
aiUDo author (ix. 2) tdls w Mteiniii rolii«ed to allov the Cbiiniiuiu to lueet ib diuroh- 

t There h« been a grwifc deal of contn>*tfrsf ott tho dedmtlon of tbii word. Tbe 
esrlWt ttietttJoD or it citud bf Du Cmgfi In in the 'Acta at. SebutUiii/ which be it- 
thbutot to Ht, Ambroeo or tome other old author, ** iloo tu dam kvavoii* pcrducBS 
ail caUcumb<w, H vepellee in i&itio orxpte," ^c. Thli p4s«Lee Ia curki&k, m it thicmu 
the eaLflj dUtioction nciweesti the CAtnoomba and crjnta. Dn Cwikb citee leteral oib«r 
paju«et lh>ro varioue nuthon: taafmg the rasl a Md. of the EpUtlcs of St Gregory 
th« Great lib. Lii. ep. 801, whom ^tUMiimfku ia read for cataoombai^ end he enpiKitea 
«al» tumAof to mean ad tombaii, at tho toaibv.iw oon wnnld say ad cryptaii, %d rftllM. 
Probably thb may he th« richi: remdlDg; for tirouirh we have not any fiiinl ar word 
la a diualc Author, y«t V&lckuaer di^s the word leararviABoxM^ Id liJ)i annoUlionfl 
in the f dyJl of Tbeochlue, '^llie SkillAQ vomen ^oiog to mc tjtc I'esttfat of AdouiA." 
Bee LlddftU and 3ooH( eub voce) See Valck. Aden, p. 131^ 
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in the height, Bometimes two, threes and four, and in the cataoomb 
of Bt. Saturoius are many places where no less than five bodiee 
are deposited^ one above the other in the height of the passage. 
The front ia oovered by a slab of stone, or very commonly of 
marble, and sometimes of terra-cotta, on which ia osually carved 
the name and age aod any other particolars of the deceased, and 
generally some Christian emblems. Some however are con- 
stnicteti by cutting a eemicircnlar arch into the natni-al wall, 
and then sinking beneath it an excavation to receive the body, 
which IS afierwar^is covered with a stone slab, and forms a tomb 
mnoh like the monumeDUi recessed into the walls of our cathe- 
dnda These tomb tope have been used as altars. It has been 
reckoned that there are upwards of 170,000 bodies in the crypts 
of St. Sebastian only. 

I know nothing more extraordinary than visiting these solemn 
blaces, which on the first occasion I did alone. It was at St. 
Sebastian. I had seen the noble chnrcb, and was then directed 
to a small door which opened, and there was a descent to the 
catacombs, — a narrow passage scarcely higher than one's head. 
At the entrance was a single bare-footed monk, in the coarse 
brown robe of his order. He lighted a torch, and we descended, 
proceeding by one winding turn after another, sometimes ascend- 
ing and sometimes descending for a very long time. The atmo- 
■phere is close and stifling, and smelling of e:irth« Not a living 
tning, not an insect^ not even a spider, is found therein. It is, 
in every sense, the abode of deatL 

Many stories have been related, and I can readily believe 
them, of persons who have ventured into these passages without 
proper guides, and who have been hopelessly lost. In fact, it is 
said that, as late as the year 1637, the teacher of a school^ accom- 
panied by thirty pupils, went into an excavation that happened 
to be open, stating that among so many it was impoe^iible to lose 
their way; and that not one of the party was ever seen or heard 
of from the time of their entering, though every possible search 
was made by proper persons as soon as the met wfia known. 
Other tales are related of those who have been so affected by the 
"gelidus horror" of their situation, the deep burial beneath the 
earth in an inextricable labyrinth, and in close coutict with a 
vast multitude of the dead, as to become mad with terror. 
Nothing can dedcribe these awful solitudes better than the words 
of St jferome, in his commenUiry on Ezekiel (cap. 40), who says, 
^ Wb^n I was a boy at Home (a.d. 350), and studied the liberal 
Bcienoet, I was accustomed, with others of the sfime age and dis- 
position, to go round on Sundays, and visit the sepulchres of the 
apostles and martyrs, and freijuently to enter into the crypts, 
which are dug deep in the earth ; and on each side of them, to 
tboae who enter, they have the bones of the dead for walls^ and 
Kre K> dark as almost to fulfil the saying of the prophet, ' Let 
them go down alive into helL^ '* 

Here and there are small chambers, commonly called " cubi- 
cnla " or crypts proper, of the greatest interest. In them the 
primiti%*e Christiaus are said to have assembled for a species of 
service, called by Tertullian (ad Uxor, i,), and by St. Cyprian (<le 
Lapais) cuvaiist or gathering together; but thia is simply impoa- 
sibte, as out of some fifty or sixty described by Arin^hi, and of 
which he gives the dimensions, the largest Is only 15 feet by 
7J ft. the greater part being only 9 or 10 palms (about 7^ ft.) 
square, while those lately discovered by Ferret, and published 
by the French government^ seldom exceed 4h metres each way. 
As has been said before, they lire generally cut out of the solid 
iiifo rock. The probability is they were oratories or mortuary 
ohapeU. That of St. Hermes, who is said to have been a prefect 
at Home, who suffered martyrdom in the time of Hadrian^ con- 
tains a tomb which is to this day occasionally used as im altar. 
It may be convenient to describe this crypt as the type of very 
many others. It is about 13 English feet in length, by about 
6 ft 6 in. in width, and about 8 feet in height, and archeti like a 
barrel vault. It is approached by some steps leading out of one 
of the mazes of passages before described; it is plastered w^ith a 
fine intonaco, and filled witli paintings, as, in tact, a large ma- 
jority are. The tomb at the end is, in &ct, a sarcuphagus; the 
top of which is plain, and the front is sculptured in three com- 
pailments. It is supposed there were two bodies buried at the 
end (besides that of the saint), four on the right side, and four on 
the left, besides three smaller spaoes which probably held the 
bodies of children. In the centre a lamp hns been suspended. 
This crypt of St, Hermes must not, however, be confounded with 
the church dedicated to that saint, which is of oonsiderable size; 
find aithongh now entirely covered overi apparently was origi* 



nally only partly sunk in the earth, as there are a sort of cleres- 
tory windows, which gave light apparently through openings 
resembling the walla round the area windows of our houses, 

Boldetti (pi. 2) gives a view of another crypt, which is in the 
catacombs of St. Agnese. It is groined, and on three sides has 
tombs, which have been used as altars. On one side ia a large 
chair cut in the solid rock, said by him to have been iiu epis- 
copal seatj by others the seat of a priest, while giviug instruc- 
tions to aitechumens. Such chaira, however, are not uncommon 
in these crypts. In one given in Ariughi, vol. ii. p. 81, lliere are 
two similar chairs cut out of the solid tufo, and a bench of the 
same kind which goes round the other three sides of the room. 
It is sitid, but on what authority I do not know, that the second 
seat was for the deaconess, and used by her at the catechising or 
instructing the female converta. The crypt is, however, but 
8 feet long, 7 ft. 6 in. wide, and 6 feet high, and has contained 
eight bodies, beskles one (probably) over the door. In addition 
to those which have arched or groined roofs, there are some of 
which the ceilings are quite flat. The crypt called the Oratory 
of St. Helena is of this class; it is sup^iorted by four columns 
each, at a little distance from the wall Btjmetlraea the tombs 
^ere covered by a sort of grating carved in marble, through 
which visitors might look, and probably view the coffin of tha 
martyr. A very curious one is found in the crypt of St. Calix- 
tus. The grating is of peculiar form, and much like that under 
the altar at St Nereo and Achilleo.* 

It ia the opinion of Seroux d'Agiucourt, and seems a very pro- 
bable conjecture, that the idea of these crypts was taken from a 
species of construction common among the E^jmnns, where a 
"sacellum*' ot>ntaining an "aediculum," or shrine to the tutelary 
god of the family, was erected over the " columbarium," or place 
for depositing the urns which contained the ashes of the different 
members of it. There ia one which stands ajwrt not far from th» 
church of St. Agues, It ia wholly of brick, even the capitals of 
the columns being cut out of that material, and ia supposed to be 
of the time of the early emperors. The shrine of the genius 
of the fomily is above, and below ia an arched chamt)er, which 
waa the sepulchre. On each of the four sides of this lower part 
is a niche, probably intended for the statues or " imagines" of ita 
princijja! members, and eight other very small niches, each of 
which contained two nros full of the aahes' of the dead. There 
can be but little doubt, that these Roman structures (which were 
a combination of the tomb and the oratory) gave the origin not 
only to the crypts of the ancient and mediaeval church, but also 
to those picturesque tomb« now so common in the cemeteries of 
Italy and BVance, where the family vault is below, and above i^ 
a little chapel, whose grated door displays an altar and crucifix, 
where the relatives re|.iair at certain times to pray and to suspend 
croivns of " immoilellea" in memory of the dead.t 

It will not be within my limits to describe the various objects 
found in these crypts. The greater part contain paintings, some 
of very great merit; the subjects are mostly from Scripture his- 
tory, Tliere are a!ar>, as might be expected, many rings, ooins, 
lamps, &c. found; plain chalices of mixed metal have also beSD 
discovered, probably euchariatic; strange and horrible instrn- 
ments, supposed to have been usetl for the purposes of torture; 
phials of ghws,t iii which, it may be new to some to hear, are 
paintings. M. Perret is said to have made no less than eighty- 
six copies of paintings on, or rather iu,§ ghisa in the various 
catacombs* To describe the symbuU found on the tombs and the 
inscriptions would fill many volumes. They comprehend not 
only sepulchral inscriptions, the history and memory of the tlead, 
pious ejaculations, religious emUema, but in many eases delinea- 
tions of the instniments of the worldly calling or profession of 
the departed. There ia one however of greiit interest to the 
architect, as forming probably the tomb of a maaon or sculptor. 
There are represented the ordinary compasses, callipers, a rule, 
litjuare, level, mallet, and chisels, and what Is more curious, an 
instrument much resembling a trammel, and which hiis been 
Burmisetl to be intended for the delineation ofelliiisea. 

A few words however may be said as to the style and date of 



* It rwembl«8 Imlf-nmud tlla {AMsod ono ovtr the oUier, but li oit oat of lolid 
cuu'bie. 

t 'ITucre lu-o BCtenil in the Street of th» Totnb* at Pompfii, 

t On the aide of manj of tbe Umbt « fiDui] cup of glitM in fixed, At the bottom of 
which iB tlifi reiDiuiui of a dark •ufaftaiaoo, MUii to be tbo bkmd of tbe luartTT thors 
kterred. 

4 Thtt« rapfeMntalloiu amwar to 1iftv» beeo mide no thio «heet«<tf snJd. tbe ontlioei 
belug iMutlj iudiiDtsdiiito Uio meUl. whick Um then bees hhiwo into the bottom of thtt 
veiaul between two ihickxiettefi of gliiaa. 
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th^e crrpts. In the fidmirable work of Seronx d'A gin court a very 
curious parallel h given between the pictures found in the pagan 
tombs and tho^e in the Christian crypts. The author is inclined 
to think they mnge in point of style and date from the second 
century to the eighth, and in instances at Naples even later. He 
gives as a parallel the paintings in a tomb discovered by Bartoli 
near Rome, which is clearly of the time of the Antonines, and 
those discovered in the crypt of St. Priacilla, which may be said 
to be identical in point of style. 

That many of the paintiogs in the Christian crypia must be of 
very early date is also indicated by tlieir still preserving some 
traces of pagan emblems. Thus the Muses atill exemplify har- 
mony; and for some time Orpheus* with his lyre, attracting the 
beasts aronnd him, was given as an emblem of our Saviour. 
This is of fre<juent occurrence, and being surrounded by Scrip- 
tural subjects, as Daniel in the Lion's Den, Moses sjtriking the 
Bock, the Rouging of Lazania, all prove them not to be the tombs 
of pagans but of Christians; nud they also show how the memory 
of Orpheus was asscKiiated in their minds with the idea of the 
law-giver, the leader of civiliaation; and, what is perhaps still 
stranger^ to typify the inventor of fine art:* for it has been too 
much the case to represent the early Christians as stern ascetics, 
for whom poetry, music, art, and architecture had no charms. 

Again, the whale swallowing Jonah ia just in the style of the 
dragons on the walla at Pompeii, Elijah departs for heaven in a 
regular Classic quadriga; ana the three kings seek the Saviour, 
each having on the Phrygian cap. On some are representations 
of persons dining together at a table^ not reclining like Romans 
upon the lectum or bed around the triclinium, but seated in 
chairs. These we know, from the inscription ayamf, written on 
them, must be representations of the "love feasts" of the early 
Christians. Another curious subject would lead ua to believe 
that the CTiristians often employed heathen artists, for on one of 
the tomli6 the sculptor has probably forgotten and cut the usual 
pagan DM, or DiisManibus; but has recollected himseLf and struck 
his chisel across the letters, and placed the well known Christian 
monogram by its aide. Tliese loit cited circumEitanQes, however, 
prove but little, as the a7airai were continued in churches as late as 
the siith Council of Constantinople, commonly called the Coun- 
cil in Trullo, which was at the end of the seventh century j and 
if the tradition as regards the celebrated monogram be correct, 
the iiisoription alluded to must at least be of the time of Con- 
stantine. Of course, without direct evidence, it is difficult 
absolutely to pronounce on such a pointj if however we may be 
allowed to reason from similarity in art, we may believe some of 
these crypts to be as old aa the third if not the second century. 
The art, however, gives an idea of wealth and refinement among 
the early Christiana, which we are usually taught not to expect 
at that period. It aeems still more extraordinary that they 
ahoiild be permitte<l so to adorn their t^mba. It must have been 
not only an expensive work, but one which must have taken up 
a great deal of time, and therefore could hardly have been done 
without the knowledge of the authorities. It must however b© 
borne in mind, that the persecutions broke out at iuterv»l«,t and 
then ceased; and according to the worst accounts, the Christians 
bad peace for more than 140 years out of the three £rst 
centuries. 

If the internal evidences as to art give us no certain data, 
those as to architecture give os less. There are no distinctive 
marks about the construction of the passages, or the arching 
or groining of the crypts, that differ from what we know 
decidedly to be pagan work. It is true that the details of the 
capitals in the crypt at St. Agnes, before mentioned, seem to be 
Classic, but those in another of the same crypts (given by Ferret 
in his magoi6cent book), seem very late indeed, and crm hartlly 
be called Classic work. Still more unlike are the caps of the 
crypt of St. Pretextatua, given in the same btxik, they certainly 
must be referred to a later period; while a corbel in the same 
crypt, discovered in 1846, is quite unlike anything Classic, but 
rather resembles Byzantine work. 

My reader^J will remember the law of the Romans on extra- 
mural interments. It appears that Irequent attempts were made 
from time to time, on the one hand to evade, and on the other to 
enforce it. Adriau fiassed a law 6ning any person 4L) aurei 

* It ti Dot Icnpos^iblir th«t the tndttloti of coLof doirti to B&iIom aad returaJiif agdoi 
mfty bKVc iqggMtfd « farther pftnUlel. 

t The paauiget above died from Eaieblat Men to thaw thtl ombj 4f tb« peneciitSoiii 
wen ctuUea oaibarvla of Mr&ge diftpofliticai« ralber Ibao a proltMiied lad orfuUaed 
Mfiei of omdti- wid op^nmim like some of Uw Utor peneontaou. 



(about £30) who buried a body in a city. Short as was the lime 
Ijetween his reign and that of Antoninus Pius, we find that the 
latter was obliged to re-enact the same law, and that a few years 
afterwards Domiiian was obliged to do the same. The conse- 
quence was, all the Christians, whether martyrs or not, were 
buried not only without the city, but also without the pomcerium 
or suburbs. Constanttne seems to have been the first buried in 
a city. Eusebins says he was buried at Constantinople, rn the 
Church of the AjMjstles; but St. Chrysoetoni says, **in the j:K>rdi 
without the church, so they who wore diadems think it a favour 
to be buried so that kings are the fisherman's doorkeepers " It 
will be unnecessary to go through the history in all its (loints; it 
will suffice that the Council of Braga (a.d. 663) gave permission 
for meu to be buried in the churchyard in cases of necessity 
(*i fieceg»e e8t\ but on no account within the 'Svalls of the 
church." The desire, however, to lay their bones uuder a holy 
roof grew so on men, that we find a Council at Mayence deciding 
that ** no one should be buried in the church but bishops, abbots, 
or worthy priests, or faithful laymen;^ and at last we find the 
Council of Meaux (Meldense) leaves it to the bishop and 
presbyter to settle who should be buried in churchea and who 
should not The result from that time to the present is well 
known. 

When the persecution had ceased we naturally find the re- 
mains of those who had testified their faith witli their blood 
held in greater reverence day by day. These tombs were fii'st 
visited by those who dwelt near, and tlien became an object of 
pilgrimage to those who lived afar off. Pride of such a situation 
as the proximity of a holy grave in some, and the love ot lucre 
in othera, caused all sorts of pretences to be set up to tlie posses- 
sion of a martyr's tomb or relict; and these, like all other poshes* 
siona, soon became objects of barter or sale. 

It is not my intention, nor would it be in place, to go into the 
history of the increasing reverence paid to the relics of the 
martyrH, It will be necessary however to mention that [>eople 
weie not content that the bodies of holy men should be vene- 
rated ut their tombs, but a system of removing the relics into 
different churches now prevailed, which system was called 
"translation." The earliest meution 1 have found of this in the 
works of the ecclesiastical historians is in Socrates Scholasttcus 
(lib. vii. cap, 25), He mentions a sect of Novatians who dug up 
the body of Sabbatius from the Isle of Rhodes, and con%'eyed it 
to Constantinople, and prayed on his tomb. Atticua, the bishop, 
however, caused the body to be removed (this must have been 
about A.D. 425). I'be sfinie author (vii. 44) sjiys that Proclus, 
about fifteen years later, removed the body of St Chrysoatom, who 
had been buried at Comana, to Constantinople, and laid it on the 
left side of the Church of the AjKJstks. But before this we have 
long accounts by St. Jerome, of the deposition of tlie bones of 8S. 
Peter and Paul under the altars at Rome; of SS. Andrew, Luke, 
and Timothy; and i?amuel, the Judge of Ismel, at Constantinople. 
But we have no time to enter into details, which may be found 
in Baroniua, and in the tetters of the curious controversy be- 
tween St Jerome and Yigilautius. Sufiice it to say that in 
almost every church relics of martyrs were deposited under the 
altars.* 

This at first waa done by simply making an opening under the 
altar, in which the bones or other relica were deposited, the fi-ont 
of which was closed by a sort of grating carved out of marUe, 
It mil St be remembered that in iIb early liasilican church the 
altar did not stand against the wall, but at the chord of the arc 
of the bcma, or tribunal, on the edge of the raised platform 
itHelf; behind which, in the mid<]le of the apsis and against th& 
wall, was the 9f»oMf^ or seat of the bishop; and on each side of 
which wei'e the seats of the presbyters, ranged in the form of a 
semicircle. To this diiy it is so in all churches which claim either 
to have been erected by the early Christians or re^rected on 
their foundations; and to this day in all such churches the priest 
says raaas at the back of the altar, with his face towaiJs the 
people, instead of the opposite method which is usual in other 
churches. 

This place for depositing the relics was called the ** confessione,*' 
or place whei"^ the relice of those who had eonfcMed the faith are 
deposttetl, and this name is retaiued to the present day. The 
simplest and no doubt oldest form is that which was at the 
church of the Quattro Incoronati (before the alterations), a&d 



• MftbiUoiiu lit. 0«1L (1, », 1), saji no reUea w«ft placed iipon ftUui till the toaUi 
oeiitiii^. 
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wbich was a simple aperture under the altar, about 2 feet wide. 
Very much like this waa that At SS. Nereo and Achilleo, which is 
closed by a curious grating, resembling in design very much that 
in the crypt of St Calixtus, mentioned above. At St. Maria in 
Trastevere, the confessioue is a sort of small chamber, about.5 ft. 
square^ also under the altar. As time went on the confessione 
becomes larger, and more and more resembling the crypts in the 
Catacombs. At St. Maria in Dominica it is in reality a small 
crypt, about 13 feet by 10 feet, and is partly below the floor, and 
approached by a descent of five steps: in this is a sarcophagus, 
containing, it is said, the body of St. Ciriacus. At St. Prisca the 
crypt is still larger: it is a vaulted chamber,^ about 10 feet by 
22 feet the arch supported on two masses of masonrv, strongly 
reminding us of the Etruscan tombs, behind which are two 
flights of stairs of about thirty steps in each. I must now call 
your attention to two confessiones, which partake more of the 
character of the passages of the Catacombs than of the crypts 
therein : one is that of St. Marco (a.d. 336, the pope, not the 
evangelist), this is a sort of passage-way, of semicircular form, 
the extreme diameter of which is absut 2*4 feet — the passage itself 
is about 4 feet wide: it receives light from the grating under the 
altar. The other is at St. Prassede. Here the entrance is imme- 
diately under the altar, by a descent of eight or ten steps, leading 
to a passage about 40 feet long, which branches off into two semi • 
circular passages, much like that at St. Marco: this must have 
been in existence in a.d. 499, in which year it was restored, we 
are told, by Pope Adrian, in a life of him written by Anastatius. 
A still larcer crvpt is at St. Martino: this was originally partly 
supported by a block of masonry, and partly on square pillars, 
like the Etruscan tombs, and forms in fact a small church, about 
45 feet each way. In fact, this is the form the crypt now began 
to assume. At St. Maria in Cosmedin it has a nave and side 
aisles, formed partly by six columns, three on each side, and 
partly by two solid blocks of masonry, and is about 22 feet by 
13 feet At St Lorenzo it is still longer, about 30 feet by 16 feet, 
and has four columns on each side, and also a tomb in the centre. 

I have thus shown that, as time progressed, the small aperture 
called the confessione had increased till it became larger and 
larger, till at St Miniato near Florence, and St Michele at Pavia, 
it had lengthened to 60 feet and upwards, and become a second 
church. 

In this country there are several crypts which I believe to be 
of the Saxon era, — plain groined chambers, with four columns at 
the angles. In the Norman era the crvpts increased in size, and 
afterwards were larger and larger, till very many of them were 
co-extensive with the choir of the church. The Early English 
crypts were very fine and interesting, and of those may be 
mentioned that at Rochester Cathedral, and, what must have been 
a still finer example, the crypt under old St. Paul's, which formed 
a church by itsell, and was very nearly half as large as the entire 
edifice. Here however we must stop; for just at the origin of the 
Decorated s^le of architecture, when there were no differences 
on points of religion, nor any cause whatever in the church 
to account for it^ crypts proper suddenly ceased to be constructed, 
with the exception of some small ones occasionally under a 
chapter-house or a transept The Early Decorated, the Later 
Decorated, and the Perpendicular periods presented no instance 
of a crypt under the cnoir of any hurs^e church or cathedral; at 
all events, neither Mr. Scott, Mr. J. H. Parker, or other friends 
whom I have consulted, could cite any example of the kind. This 
was the more remarkable, because when crypts beneath churches 
fell into disuse, they became common under secular buildings. 
Thus, there was a lajge one of Perpendicular character under the 
Quildhall, London, and another under Gerard's Hall; but at 
present no reason had been assigned for their discontinuance 
under churches. 



Dr. BiATTOBLOTZKT adverted to the crypts or catacombs at 
Naples, Alexandria, and Paris, as analogous to those of Borne. 
Those at Alexandria he had seen opened, and had witnessed 
their wanton destruction by gunpowder, fh)m the eagerness of 
the Turks to obtain the sarcopna^, which were mostly of alabas* 
ter, in order to convert them into lime; a species of destruction 
against which the^ Institute might do well to raise its powerfol 
voice. The scolptares in those catacombs presented a similar 
admixture of pagan and Christian subjects with those of Borne. 
The catacombs under Paris were very interesting, but under the 
pretence that varioas persons had been lost in their intricate 



mazes, and never found again, it was now diflicult to gain access 
to them; but it would be very desirable if permission could be 
obtained for the members of the Institute to explore them, with 
a view to confirm the remai-ks of Mr. Ashpitel. The tombs of 
the kings at Jerusalem were also exceedingly interesting in con- 
nection with the subject under consideration. 

Mr. Eebr called attention to the question of the degree of art 
displayed by the early Christians in the sculpture on their tombs, 
these being the only works by which the question of their artistic 
knowledge and feeling could be determined. He believed that 
public opinion was right, and that the opinion of Mr. Ashpitel 
was wrong, inasmuch as there was a total absence of artistic 
feeling throughout the earliest of these works. It would appear 
that the early Christians repudiated and discouraged art, and 
indeed destroyed it whei-ever they could find it 

Mr. Ashpitel said, it had been his intention simply to confine 
himself to the collection of all the facts relative to crypts, and 
this rather as applied to their architecture than their artistic 
features. It was impossible however, in spite of any popular 
ideas or preconceived notions, to shut the eyes to the fact, that in 
hundreds of crvpts which had been explored, and probably in 
thousands which had not been visited for many centuries, there 
was, he could almost say a lavish expenditure of fine art of a 
very high order for the time; but it was not only so, the tombs of 
the poor class also showed some taste for decoration. The digger, 
or ''fossor," was sculptured in his tomb with his spade and 
mattock as he stood in life: the carpenter and mason had the 
tools of their trades carved in the same way. Sometimes the 
whole-length figure and sometimes the bust only of the " honesta 
coniunx'' was sculptured on the slab which inclosed her remains; 
and, if nothing else, two rudely carved doves, or a dove and a 
heart, attested the affection that had subsisted between the de- 
parted. One main fact is certain, they are all tombs of Christians, 
The heathens at that time almost universally burned their dead; 
but apart from this, the inscription, the symbols, and above all 
the numerous pictorial subjects taken from the Old and New 
Testaments, proved the religion of the deceased. Ic might now 
be inquired, of what rank was that art, and about what period 
was it executed 7 The art in its general scope strongly resembled 
that in the Baths and Palaces of Titus, and of the Antonines. 
The ceilings are vaulted, and as well as the Walls are panelled 
out in elegant designs in stucco. The great work of Aringhi, as 
well as of others wno have succeeded him, give a very good idea 
of the costly and elaborate nature of the general design, but they 
are of too small a scale to afford an adequate notion of the power 
of the artist. This difficulty has now been obviated by the pub- 
lication by the French government of the magnificent work of 
M. Perret. This gentleman had devoted six years to the study 
of art in the crypts and catacombs. The part already published 
fills six large volumes of atlas folio; and certainly in a great 
number of the examples the drawing and colouring contained 
therein rank very high — if not first> in the very first line. With 
regard to the period at which they were executed, he could only 
again refer to the authority of Seroux d'Agincourt, who considers 
some as old as the second century. Mr. Ashpitel considered that 
any stranger brought into these crypts for the first time would 
say. These are the tombs of an art-loving people. Although we 
know that in other countries the conversion first began among 
shepherds and fishermen, yet at Bome the Apostle was a man of 
hign intellectual acquirements: and the tradition attached to the 
history of the basilica would show that among the early Bomau 
Christians were many of the exalted and noble. Be that as ip 
may, they had a very striking fiict before them, and one which 
deserved the most serious consideration. 



ABSENIC IN PAPEB-HANGINGS.* 

By H. Lethebt, M.B., M.A. 

About three years ago public attention was directed to a cir- 
comstanoe well known to men of science, that a large proportion 
of the arsenic sold in this country was used in the manufacture 
of a ffreen pigment for paper-han^gs. This fact was mentioned, 
on the authority of Dr. Taylor, in the 7\>fiet newspaper of the 
6th of January, 1868, and it forthwith excited a very warm dis- 
cussion. . On the one hand, manu£Mturers dechured that as 
arsenical pigments were not in themselves volatile, and were 

* From the Joanua of ttit Sodefty of Arte. 
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moreover fixed to the paper by Adhesive m&terialB, they could 
not evaporate so as to mfect the atmosphere of rooms, and be a 
souroe of danger. In tnpport of this statetueDt there was the 
testimony of chemiata, foundetl on actual experiment, namely, 
that araeoic could nut be volatilised from paper at any ordinary 
temperature, and that it could not be detected in the atmosphere 
of rooms covered with arsenical papers. But on the other hand, 
there were the observations and experience of medical men, not 
merely in respect of the poisonous action of mineral green on those 
who are engaged in it« maouCacture, but also of the effects of the 
pigment on those who are occupied in handling green paper, and 
who are ex}K>fled to ita influence in rooms covered with it All of 
which went to show that something is evolved from the pigment 
oapable of producing the same class of effects as those which result 
from the operation of arsenic — namely, headache, dryneaa of the 
throat and tongue, nausea, irnUvtion of the alimentary canal, 
great bodily depression, and various nervous disorders. Further 
investigation led to the discovery of arsenic in the duat of 
rooms covered with such paper, thoa proving that although the 
arsenical pigment was not volatile in a chemical sense, yet it 
became detached from the flurfhce of the j>aper, and waa easily 
diffosed through the atmosphere of the room. Still, as no actual 
or undoubted case of poisoning had been clearly traced to it, 
it was well enough argued that all the effects attributed to 
arsenical paper might have arisen from other causcii. At last 
however the mischief has been followed to its source. A fatal case 
of poisoning by anch paper has been the subject of medical inves- 
tigation. The case is described by Dr. Me teal f, in the Lancet of 
iSecember 1, I860, page 536, and as the chemical part of the inves- 
tigation has been in my hands I here offer a brief outline of it, 

Clarence W, King, the son of Mr. W, T. King, of Beresfni-d- 
lodge, Highbury, a child agetl three-and-a-half years, waa taken 
unwell duiing the morning of November L He complained of 
chilliness, and waa sicL At ten o'clock in the morning lie was 
attacked with convulsions, and at eleven o'clock he was seen by 
Dr, Ketcalf, who found him in a serai-oomatose state. On the 
following day, at seven o*dock in the morning, Dr. Me teal f was 
summoned to see another child, a sisteri aged two-and-a-half, 
who had been violently convulsed. At that time the little boy 
had become worse: he was almost in a slate of asphyxia; the 
surfooa of the body was cold, the pulse feeble, and the counte- 
nance livid. By the use of appropriate remedies he waa some- 
what relieved, but in the afternoon of the' same day be was seized 
with violent tetanic couvukiuna; and from thiit time there were 
alternations of rep<)se and convulsive action uutil he died: this 
occurred thirty-eight hours after the commeiiccnieut of the at- 
tack. At 6rst Dr. Metcalf did not suspect the real cause of the 
mischief, but when the second child was attacked it occurred to 
him that the effects in both cases were due to the same cause, 
and were not the results of natnitil disease. His suspicions 
were further aroused by the circumstance, that three months pre- 
viously the children had been att^icked in a similar manner, and 
had recovered after leaving the house for the sea-side. On in- 
quiry he was told that they had, within the last few da>^, been 
playing with toys that were kept in the cupboard of a room 
lined with green paper; and that a day or two previously they 
had btseu amused by helping to clear out the cupboanl, and that 
the little boy had been observed to suck a piece of lace which 
waa found there, A large portion of the paper was at once re- 
moved, and sent to me for examination. I found that it was an 
arsenical paper, containing nearly fifty-two grains of arsenite of 
copper on a souare foot, and the pigment was so loosely attached 
to the paper tnat it was removed by the slightest friction. The 
dust from about 5 square inches of the paper was capable of 
producing aU the symptoms observed in the l>oy, and the pig- 
ment from a piece 6 inches sqnihre would have sufficed for the 
death of two adult peraons. 

On the following day the child's body waa examined, and the 
organs found free frcm natural disease. The stomach and part 
of the liver were sent to me for analysis, and the results were the 
discovery of arsenic and copper in l»oth these organs. So clear 
waa the entire history of the case — as the previous attack, the 
symptoms of arsenical poisoning, the simultaneous effects in both 
children, the discovery of the poison in the dead body, and the 
existence of arsenic and copper in such profusion on the paper of 
the cupboard — that the corrtuePs jury had no hesitation m re- 
turning a venlict that death had been caused by arsenic derived 
from the paper; and they added that the manufacturer had been 
guilty of very careless and culpable conduct, 



In the course of the last year or two I have had referred to me 
many citses of suspected poisoning by green paper, and on exami- 
ning the paper have invariably noticed that in each cases the 
arsenical pigment is but loosely attached to the paper; and no 
doubt the effects have been produced by the mechanical removal 
of the pigment, and the diffusion of it through the atmosphere of 
the room. It is very probable that this effect is due in a gteat 
degree to the heat and the acid product of burning gas; for it 
has been frequently noticed that the poisonous action of the pig» 
ment is most clearly manifested in rooms Uehted with gas. This 
may arise from the sulphurous acid formed during the combus- 
tion (»f the gas, fixing itself within the parous texture of the 
paper, and becoming sulphuric acid, which soon destroys the 
adhesive matter that holds the pigment to the surface of the 
paper, and then the colour is eai^ily brushed off. 

All green papers are not equally poisonous, for as the shades of 
tint are pro<!uced by mixing carbonate of lime or chalk with the 
arsenical green, the proportion of arsenic may vary from a mere 
tnioe to many grains on a s<p3are inch of paper. The largest 
quantity which! have ever found has been in the proportion of 
5i) grains on a square foot. A piece of this paper 3^ inches 
square has enough arsenic upon it to destroy human life. As far 
aa my invostij^atious have gone the flock never contains arsenic, 
but is dyed with comparatively inert maleriaU. It is the ground 
of the paper which is so dangerous; and here 1 may mention that 
any green paper which gives a deep blue solution when it is 
steeped in liquid ammonia is suspicions, for it then contains 
copper, and in all probability arsenic likewij<e. 



A METHOD OF TAKING OFF THE WASTE GASES 

FROM BLAST FURNACES. 

By Charlbs CoonRAKE, Middlesborough, 

(With an En^aving,) 

There is no novelty in the fact of taking off the waste gaaea 
from a blast furnace; for many methods have been and are at 
prescjit employed for accomplishing t!us object. Though the 
writer was unaware of any similar method, it is not demred to 
claim origluality in that about to bo described; but as there is 
such acknowledged diversity of opinion as to the respective 
merits of different plans, and great ditficulty in procunng reliable 
information on any, it is proposed to give a description of an 
arrangement which baa been in successful operation for some 
months at the Ormesby Iron Workst, MiddlesborougliT and bids 
fair to realise the best expectations of its merits. The large waste 
of fuel from the mouth of a blast furnace where the escaping 
gases are allowed to bum away is well known, and amounts to 
more than 60 per cent, of the fuel burnt; hence there is conside- 
rable margin for economy, bearing in mind the larse quantity of 
coals consumed in ratsing steam for generating the blast, and the 
further nuantity necessary to heat that bln«t to the required tem- 
perature. In fact, assuming a consumption of 300 tjns of coke 
per week to make 200 tons of iron, about 100 tons of coals would 
ne required to generate steam and heat the blast. Taking off the 
gases from one fumace under such conditions does, according to 
actual exjjeriment, furnish gas equivalent to upwards of 150 tone 
of coals per week. This is obviously an im|>ortant matter where 
coals are expensive. 

The blast furnace is alternately charged with coke, ironstone, 
and limestone, in proportions depending upon the quality or 
" number" of iron desired. The arrangement of these raateriais 
in the furnace h genenilly deemed important, though it admits 
of considerable latitude without any appreciable alteration in 
the working of the furnace. Thus it does not seem to be of any 
importance whether the charge of coke be 12 owt or 24 cwt., the 
amount of load of ironstc»De and limestone being in the same 
proportion of 1 to 2, The chief point, if tht?re be one, to be 
gained* in the arrangement of the material is to distribute it 
pretty equally over the furnace, not allowing all the large 
material to roll outwards and the small to occupy the centre of the 
furnace or rtce versa: far it is supposed the asoendiog gases will 
pass through the more open material of the furnace to the 
injury of the closer; thus the two reach the active region of 
reduction in different states of preparation, and the operations of 
the furnace are interfered with. To provide for this contingency, 

* Fitmi apsiwr ttM »t tbe InitttatlaQ of MedisQictt J£ii(lQeQlii« 
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which is met in an o|)eii-topped fanuuse by filling at the sides at 
three, four, or even six points of the oircnmference of tlio throat, 
allowing the material to slide inwards 2 or 3 feet on a sloping 
plate, it was considered expedient in the present iostanoe to 
make the filling aperture as large as practicable; it was there- 
fore made 6 ft 6 m. diameter, as shown in Fi^. 1, so that the 
material tends to arrange itself in a circle a bttle outside the 
oentre, thns correcting the tendency of large material to roll 
outwards by causing a similar tendency to roll towards the 
centre idsa This point is gained in one of the simplest 
methods in use for dosing the top of a blast furnace, where a 
cone is used to lower into the furnace for filling; but it is se- 
cured at the expense of the height of material in the furnace. 
A certain heiffht is necessary for the efficient working of the 
furnace, and if this be diminished it must be at the expense of 
fuel in the furnace, since the absorption of heat from the gases 
depends on the heiffht of material through which they have to 
pass up: if this be diminished, the gases issuing from the throat 
of the furnace will escape at a higher temperature; if increased, 
at a lower. 

But there is an important ditference to consider in the con- 
ditions of a closed and an open-topped furnace, to which the 
writer is not aware that attention has hitherto been drawn; a 
difference which acts somewhat in favour of the open-topped fur- 
nace. The working of the furnaces themselves seems to show 
that an open-topped furnace is less sensitive to irregularities of 
moisture m the material, quantity of limestone, size of material, 
Ac; which can be accounted for onlv by the fact that the open- 
topped furnace has the advantage of a large amount of surplus 
heat due to the combustion of the waste gases at its throat, which 
serves to dispel moisture and cuilcine the limestone, and helps to 
warm up the large pieces of ironstone: all of which operations 
in the dose-topp^ furnace are effected only at a lower point 
of the fbmace, thus necessitating a larger consumption of coke. 
With the same proportion of ironstone to limestone it has been 
found to require aoout 10 per cent more fuel to produce the 
same number or quality of iron in a close-top than in an open- 
topped fumaee. In the close-topped furnace the eases pass away 
at a temperature of about 450^ Fahr.; whilst in the open-topped 
a temperature of between 1000^ and 2000*' is generated in the 
throat of the furnace by their combustion. 

In comparing the extra quantity of coke consumed in a dose- 
topped blast furnace with the saving in coals for the boilers and 
hot-blast stoves, it is obvious that the economy to be derived 
by taking the gases off depends on the comparative value of coke 
and coal. In the Middlesborough district, where coal is expen- 
sive, it is an undoubted source of economy; where coke is very 
dear however, and small coal can be obtained at a mere nominal 
eost for boiler and stove purposes, the use of the waste gases 
would possibly do little more than compensate for the outlay 
involved. Here, no doubt, is one source of the variety of opinion 
entertained in various districts as to the advantage of taking off 
the gas. The writer's experience at Middlesborough has been 
that the waste gases can be taken off without affecting the 
auality of the iron produced, though at the expense of more 

The mode of closing the furnace top and taking off the gases 
at the writer's works is shown in Fig. 1. The top of the furnace 
is dosed by a light drcular wrought-iron valve A, 6 fL 6 in. 
diameter, with sides tapering slightly outwards from below» 
to admit of being easily drawn up through the materials, 
which are tipped at each charge into the external space B. To 
prevent excessive wear upon the body of the valve, shield, 
plates are attached at four points of its circumference, against 
which the material strikes as it rolls out of the barrows. An 
annular chamber C encirdes the throat, triangular in section, 
into which the eas pours through the eight orifices D D from 
the interior of the furnace, and thence passes along the rect- 
angular tube £ into the chamber F. At the extremity of the 
tube £ is placed an ordinary flap valve opened by a chain, 
l^ maans of which the communication between the furnace and 
the descending ^as-main Q, mav be closed. The valve A, is par- 
tially counterpoised by the balance weight at the other extre- 
mity of the lever H, and is opened by a winch I, when the space 
B is sufficiently full of materials. At the time when the blast ia 
abut off for tapping the furnace, the gas escapes direct into the 
atmosphere through the ventilating tube K^ which is connected 
\^y levers L with we blast inlet-valve below. 

Hg. 4, shows the connection between the furnace top and tha 



hot-blast stoves to be heated by the waste gases, whidi pass 
down the desoending main G into the horizontal main M mn- 
ning para^el and dose to the line of stoves N, from which 
descend smaller pipes O to each stove, as shown in Figs. 2 and 3. 
The supply of air tor burning the gas in the stoves is admitted 
through the three tubes P, and can be regulated at pleasure by 
the drcular dide closing the ends of the tubes, which has an 
aperture corresponding to each tube, and is planed on the rub- 
bing face, as is also the surface against which it works, in order 
that the slide may be sufficiently air-tight when dosed. The 
ignition takes place where the air and gas meet, the ignited gas 
streamin|r into the stove and diffusing its heat uniformly over 
the interior. An important element in the working of an appa- 
ratus of this description is to provide for explodons, which must 
take place if a mixture of gas and air in certain proportions is 
ignited. To provide for this contingency, escape valves R are 
placed at the ends and along the tops of the main tubes G and 
M: but to prevent explosions as far as possible, the ventilating 
tube K, Fig. 1, is used at the top of the furnace, connected with 
the blast valve at the bottom, so that when the valve is dosed, 
as at casting time, the act of dosing opens the ventilating tube 
and allows uie gas to pass awav direct into the atnoosphere. The 
gas would otherwise be in oanger of dowly mixing with air 
passing back through the stoves or otherwise gaining access into 
the tubes, and woi3d thus give rise to an explosion; until the 
ventilating tube was provided it was necessary to lift the valve 
A dosing the mouth of the furnace when the blast was taken off, 
otherwise slight explosions took place from time to time. 

In the use of Durham cokes in the blast furnace an inconve- 
nience arises from the large depodt which takes place in the 
passage of the gas from the furnace, and in the stoves and 
boilers. Under the boilers this deposit is a great objecti(Hi, as it 
is a very bad conductor of hea^ and needs to be frequently 
removed: in the stoves it is not so objectionable, though these 
need a periodical cleansing. The deposit does not arise altogether 
from the cokes, it is true; and it may be interesting to know its 
composition, which is as follows: — 



Silica 

Carbon 

Alumina 

Sulphate of lime 

Lime 

Protoxide of zino 

Peroxide of iron 

Protoxide of maoganefle 

Potash 

Protoxide of iron 

Magnesia 

Chloride of sodium ... 



18-86 

1614 

18-87 

13-61 

11-01 

10-81 

9-01 

2-66 

2-13 

1-25 

1-25 

060 

100-60 



At a temperature of upwards of 3000^ this mixture mdts in a 
yellowish slag, dispdling the zinc; but there are no signs of 
fusion at the temperature produced by the ignition of the gas in 
the stoves, which must roughly approximate to that of mdting 
iron from the results of a few experiments made to ascertain this 
point: though thin pieces of cast-iron were not fairly mdted 
down, they reached the rotten temperature, which is only a few 
degrees below melting, and gave further signs of nearly mdting 
by throwing off sparks when quickly withdrawn from the stoves 
and struck smartly against another object 

The writer has heard it asserted that the closing of the top 
of the furnace is the source of mischief to its workmg by pro- 
dudng a back pressure in iU Under ordinary drcumstances, 
with the furnace top ofien, the blast enters the tuyeres at a 
pressure ranging from 2^ to 3 lb. per square inch; ^ In the 
present dose-topped furnace thei-e are eight outlet orifices D, 
Fig. 1, each 2 feet by 1 foot, giving a total area of 16 square feet 
for the passage of between 5000 or 6000 cubic feet of gas per 
minute raised to a temperature of 450° Fahr.; and the actual 
back pressure of the gas as measured by a water gauge inserted 
into the dosed top of furnace is from J to ;8 inch column of water, 
or about l-40th or l-50th of a pound per square inch, an amount 
ao trivial as compared with a pressure of from 2^ to 3 lb. as to 
be unworthy of notice. Of course if the tubes are contracted 
in size a greaier back pressure will be produced; and it is quite 
possible that, where attention has not been paid to the circum- 
stance, the back pressure may have interferea with the working 
of the furnace by preventing the blast entering so freely. 
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As regards economy in the wear and tear of hot-blast stoves of 
the ordinary construction, there can be no auestion the pipes 
last much longer when heated by gas, providea the temperature 
of the stove be carefully watched to prevent its rising too high; 
whilst the value of the same heating surface compared with its 
value when coals are used is greatly iucreased, owing to the 
uniform distribution of the ignited gases throughout the stove: 
in the use of the gases at the writer's work, this eoonomv of 
surface is such that two stoves heated by gas will do the work of 
little more than three heated by coal fires. 



In the course of the discussion upon the paper — 

Mr. W. Mathews said that he considered the subject of econo- 
mising the wa^te cases from blast furnaces was one of much 
importance, and asked whether there was found to be any 
material difference in the working of the dose-topped furnace, 
and whether the closing of the top for the purpose of taking off 
the gases interfered with the burden of the furnace or the 
quality of iron produced. If the quality and yield of iron were 
not disturbed, the utilisation of the waste gases must be a 
source of economy where fuel was dear; but otherwise, where 
coals were cheap, it might hardly be worth while putting up an 
apparatus for taking off the gases. In the case of some blast 
furnaces lately erected at Heyford in Northamptonshire, where 
the ore was cheap but coal expensive, costing 14«. or 15«. per 
ton at the furnaces, the iron could not have been worked pro- 
fitably unless the waste gases w6re taken off, this had accordinfflv 
been done, and he understood had proved thoroughly snccessnii, 
rt^ucing greatly the cost of making the iron. It seemed remark- 
able that the use of the waste gases was not yet adopted in 
South Staffordshire; but this was no doubt owing to the ex- 
treme cheapness of small coal throughout the district, as com- 
pared with the North of England, so that it might not be 
economical to take off the ffases. At Dundy van, in Scotland, a 
method had been employed some years ago for takins off the 
gases without closing the top of the furnace, and uie gases 
were used for the hot-blast ovens and engine boilers; but the 
heat obtained was very irregular, sometimes high and sometimes 
low, causing much difficulty in keeping up the temperature of 
the blast and in getting the required supply of steam; and he 
understood the plan h^ recently been discontinued there on 
account of the trouble experienced in its use. 

Mr. C. CocHRAiTE replied that the regularity of the furnace 
was certainly interfered with, though only to a slight extent, by 
closing the top, and the furnace was rendered more sensitive. 
In the 'first trials of the dose-topped furnace mottled iron was 
made frequently, and occasionally white iron; but by exerdsing 
sufficient care m managing the furnace the irregularities were 
now in a great measure got over. During the kst six months 
his furnace had worked with only 7 per cent, irreffularity 
altogether, and this was now reduced to 6 per cent., estimating 
the amount of irregularity by the proportion of mottled iron 
, made instead of grey. Where it would oe an objection to make 
mottled or white iron occasionally, it would not be advisable to 
try taking off the gases; and coals were so cheap in South 
Staffordshire that it might not be worth while to run the risk of 
getting white iron, as it was of more importance there to make 
all grey iron than in the Middlesborough district, where there 
was a great demand for forge iron. 

Mr. C. Markhah had been connected with some blast fur- 
naces at Marquise in the North of France, fourteen years ago. 
from which the waste gases were taken off very successfully; ana 
thought the mode of carrying out the plan in that case was 
superior, owing to the gases beug conveyed upwards to a higher 
level to be'bumt, as they would naturally rise by reason of their 
spedfic gravity beins less than that of the atmosphere. There 
were two furnaces built side by side against a oank, and the 
gases were taken off about 5 or 6 feet below the top by a drcular 
flue running all round the furnace; they were taken under six 
Cornish boilers situated at the top of the bank, a few feet above 
the top of the furnace. The snises were drawn off from the 
furnaces by a chimney 90 feet nigh, and they fluently pro- 
duced a larffe flame from the top of the chimney. The evu of 
the gases firing subsequently to passing under the boilers was 
removed to a considerable extent by the erection of an additional 
flue, which caused the gases to be more perfectly mixed with air, 
and fired before they were cooled down by coming in contact 
with the boilers. The r^golar make of each fumaoe was 100 to 



ISO tons of cold-blast iron per week, and the consumption of coke 
was about 1^ ton per ton of iron made. The coke cost 20s. per 
ton, so that economy of fuel was of great importance; the boileni 
were worked entirely by the waste gases from the furnaces. 
At these furnaces they had tried at first bringing the gases 
downwards to the boilers at a lower level, but the success was 
very imperfect; and this appeared to him the reason why the 
waste gases had not been taken off so successfully at some works 
in this country, as they had in every case he believed been con- 
veyed downwards from the top of the furnace instead of upwards, 
and also the height of the furnace had not been incr^ised to 
compensate for the gases being taken off at a lower level. He 
had seen the appli(»tion of the gas at the Clay Cross and Alfre- 
ton furnaces in Derbyshire; and had no dou6t an economy was 
effected in the cost of the iron made: at these works however the 
gas was applied only for heating the hot-blast stoves, but the 
Quantity required to heat the blast was small as compared with 
ttiat required to raise a suffident supply of steam for working the 
blast engine. 

Mr. C. CocHRANB said no difficulty had been experienced in 
bringing the gases down, and the vacuum required was found by 
actual measurement to be only ^ to f inch column of water, or 
I-40th of a pound per square inch, which was not suffident to 
produce any injurious effect on the working of the furnace. 

Mr. C. W. SudCENS had seen furnaces working at Charleroi, in 
Belgium, where the gases were drawn down from the top of the 
furnace without any difficulty, by means of a pipe inserted in the 
side of the furnace near the top; but it was found necessary 
to allow at least one-third of the gases to bum out of the 
mouth of the furnace, otherwise the working of the furnace was 
interfered with, and neither was the iron of such good quality 
nor the gas so effective for heating purposes. In the dose-toppea 
furnace at Middlesborough described in the paper, he suggested 
whether any difference of make or irregularity of working was 
not rather to be attributed to imperfect distribution of the mate- 
rials in charging, than to dosing the top: with a dosed top and 
an arrangement for filling in the centre, as shown in the illustra- 
tions, there was no means of filling at the sides of the fumaoe, 
and the materials might roll sometimes more to one side than 
the other, produdng a greater draught through the fumaoe in 
one direction, so that the ore would arrive at the point of reduc- 
tion in different states of preparation, which would interfere 
with the Quality of iron made. A slight difference was suffident 
to direct the flame and current of gas in a blast furnace more to 
one side than another: even in drawing off the gases by a circular 
chamber all round the furnace, the draught-holes on the side 
nearest the main flue would draw more than thosoron the oppo- 
site side; but this might be obviated by making the holes nearest 
the flue of a smaller size. 

Mr. S. Llotd said they had now adopted a plan for taking off 
the waste gases at the Old Park furnaces, and had had it working 
there suc^ssfully for some weeks, without any injury being 
caused to the working of the fumaoe; the iron seemed if any- 
thing to be rather better in quality, a little more grey and some- 
what increased in quantity. The plan was that of Mr. Darby, 
of Brymbo in North Wales, where it had been at work success- 
fully for two years past; it consisted of a plain upright tul»e 
inserted into the centre of the open mouth of the mmace, and 
then carried over down the outside of the furnace, where the gaa 
was burned under the steam boilers, the flues of which were conr 
nected with a suffidently tall chimney to produce a draught for 
drawing down the gas. The large area between the tube of 5 feet 
diameter and the mouth of the fumace of 10 feet diameter was 
left open, so that there was no pressure on the furnace, which 
worked in that respect exactly like an open-topped fumaoe. The 
tube was inserted about 5 feet deep into the materials at the top 
of the furnace, and by this means tney got four boilers heated by 
gas without anv cost for fueL He thought this plan of leaving a 
mrge portion of the fumace top open was the only practicable 
way of taking off the waste gases in the Sonth Staflbrdshir6 
district, where it was of the first importance that grey iron 
should be made, and considered it was a great improvement on 
the dose-topped system: for the open top of the fumaoe allowed 
the extra quantity of gas to escape direct into the atmosphere; 
but with a dosed top the top of the fumace was choked, 
and the accumulation of gas was liable to fnxxluee a back pres- 
sure on the fumaoe, which they had found by experience was 
▼ery ii^arious. 
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Mr, E* A, CowPBR bad seen the furnace at the Ormeaby 
Works, aod thought the arrangeraent there employed for fillitig 
produced a good didtributioD of the materials. The plan of oIcmi- 
jng the furnace top by a caat-iron coue or bell i aside the furnace, 
fitting up agaiaat a caat^iroii ring or seat^ waa a good arraDd^- 
meat when properly carried out as at Ebbw Vale; though in 
Bome cases, where the cone had not been properly proportioned 
to the size of the furnace, an unequal distribution of the mate- 
rials took place, the smaller pieces lying in a heap in the centre, 
while the larger ones rolled down to the sides of the furnace, 
caaaing a stronger draught up the sides than at the centre; 
and in large*topped furuuoes where the cliarfring coue was of 
atuall size, the sides thus became much hotter than the middle of 
the furnace. But in the arrangement shown iu tlio illustrations 
this difficulty was got over by making the charging opening not 
less than half the diameter of the top of the furnace^ the etfect of 
which was that the larger pieces now rolled towards the centre 
as well as the sides, so that there was as strong a draught up the 
centre as at the sides^ and the he^t was rendered more uniform. 
He believed that the regular working of a furnace depended quite 
as much upon the materials being nearly of a uniform small siae 
as on anything else^ and that suflScient attention was not gene- 
rally given to tnis point The simple fact of closing the top of a 
furnace or leaving it open could not he thought cause any appre- 
ciable diiference m the working of the furnace; for the ordinary 
pressure of the atmosphere on an open -topped furnace varied far 
more than the increaie of pressure caused by closing the top and 
drawing off the gas by the draught of a chimney, as tbi^^ was 
shown to amount to only |-inch column of water, or only J^-iuch 
rise of the barometer. If a closed top were inadmissible for a 
furnace from some nther cause, then such a plan as Mr, Darby*a 
might be adopted for taking off a portion of the gas; but a high 
chimney would be necessary to a raw the gas otf through the 
tube, and care must be taken to keep the mouth of the tube 
always covered up for some depth by the material in the furnace, 
to prevent the risk of drawiug in atmospheric air; the tube 
would he thought be troublesome to keep in i-epair fm account of 
the great heat to which it was exposed, and with its end buried 
5 feet deep in tlie material would not last many weeks. 

Mr A, B. Cochrane was glad to hear of an instauce of the 
waste gases being taken off successfully in the South Stafford- 
ithire district, as their use would effect an important saving of 
fuel for the steam-boilers and hot-blast ovens, if it could be 
Batisfactorily carried out; for though at present there was an 
abundance of cheap small coal, it had been pointed out that the 
time was drawing near when the thick coal would be exhausted 
in the parts now worked, and it was therefore as necessary to 
ecouomise the consumption iu that district as in the North of 
England. He hoped the plan that had been referi'ed to wonhl 
be described more fully, with the results obtained as to cost 
and economy of fuel, that it might be satisfactorily determined 
whether such a method was applicable without injury to the 
qoality of iron made. 

Mr. E. A- CowpER, in reply to a question, said that the gases 
could b© carried a great distance, several hundred yards even, 
before being burnt, us the slight pressure iu the top of the fur- 
Oaoe was quite sufficient When taken off from a close- topped 
furnace, they came off at the c<»mparatively low temperature of 
400 \ and would lose only 50° to lOO"* within moderate distances. 

Mr. Sampson Llotd had tried the plan of taking off the gases 
by a closed top and charging cone several years ago at the Old 
Park furnaces, on the method atlopted in South Wfdes that had 
been mentioned, but it was finally abandoned, as the furnace 
could not be got to work satisfactorily; and they were about 
to take down the pif>e3 used for conveying away the gases, when 
be heard of the plan employed at the Brymbo Works, which 
fleemed fully to meet the difficulty of avoiding any interference 
with ihe working of the furnace, and an apjjaratus of that kind 
was accordingly put up. They had several difficulties to en- 
counter in the first attempts at getting the plan to work; and 
the end of the tube was melted off in consequence of reaching too 
fer down into the hot part of the furnace. But all objections 
seemed now to have been got over, and they had had the plan at 
work nearly a month with most satisfactory results: the furnace 
worked better, and brought down the iron more quickly; it only 
required a little management when standing, to prevent the por- 
tion of the tube in the furnace getting injured. 

Mr. C, Marcilam observed that there must still be a great 
waste of gas escaping through the open space round the centre 



tube, when the top of the furnace was not entirely closed- Even 
in close- topped furnaces fitted with a cone a considerable leakage 
of gas took place round the joint of the cone, and when the fur- 
nace was being charge^l; and in the arrangement shown in the 
drawing he thought the leakage at the joint would be much in- 
creased by the large diameter of the top valve, 

Mr. E. A. CowPER said the valve had a vary good joint, as it 
was made with a cast-iron rim at the bottom, having a spherical 
bearing surface, so as to drop always fairly into its seat like a 
ball -valve, and the seat was a strong cast irou ring, to in sure 
keeping its shape; the valve closed remarkably light when 
lowered into its seat, scarcely a trace of leakage being percep- 
tible at the joint. 

Mr. T. Snowdon thought in working with cinse-topped fur- 
naces for taking off the gases, a great deiil depended on having a 
8uJhci«nt height of chimney to insure drawing off the gas with 
regularity; if the chimney were only as high as the furnace, the 
two columns of gas would balance each other and there would be 
no power of draught The draught required however seemed to 
vary much in different furnnces; for in the Clay Lane fumacea 
at KiUm near Middleaborou^fh, the chimney was only a few feet 
above the top of the furnace, but produced quite draught enough, 
whi^le he had seen other furnaces with higher chiuiueys that 
were not working well At his own furnaces at Middlesborough 
he would have preferred placing the boilers and hot-blast stoves 
at the top of the furnace if it could have been done, in order to 
take the gases direct to them; but this was not practicable, and 
the gases were therefore drawn down fi^m the top of the fur- 
nace by a chimney 120 feet high and B feet square, having 
64 square feet area of draught The temperature and nature of 
the gaaes taken tiff depended greatly on the burden of the funmce, 
according Lo the quality of ironstone that was l>eing worked; 
with a heavy charge of limestone the gas would not burn without 
great difficulty owing to the carbonic acid gas mixed with it; and 
he had noticed that when the gases were hvBi for burning, the 
temperature was so low in the top of the furnace that the mate- 
rials were quite damp, and a long rod thrust in was drawn out 
covered with moisture. The gases ought never to be taken off 
hot through the tubes, if it could be avoided; and at Valenciennes 
in FiTince, some of the best working furnaces he had seen were 
quite cool at the top, the gases being entirely taken off and 
the tops closed. He was so confident of the practicabtlity of 
uaiDg the waste gases, that no provision had been made for 
a fire in the hot-blast stoves at his own works, intending to 
use gas entirely for heating them; but they had to put in a fire 
at first on starting the furnaces, though it was now used very 
little^ and mainly at the time of starting. Some of the boilers 
were working without any coal fire, being heated entirely by 
gas; an<l the total quantity of coal used both for boilers and hot- 
blast stoves was leas than 1 J cwt per ton of iron made: the ooal 
was a mixture of small coal and slack, costing only 4*. per ton. 
The use of gas saved the attendance of men for tiring under the 
lioilers and stoves. 

Mr. C. CocBRAKE inquired what amount of irregularity had 
been exf>erienced in the working of the close-toiiped furnaces. 
At the Ormeaby Works he had found tiiat for making the same 
quality of iron only 7 per cent more coke was recpiirefl during 
six months with the close- topped furnace than had previously 
been consomed iu the same furnace before the gas apparatus was 
employed. But nuder the best circumstances irregularities 
would occur, arising sometimes from the level of the materials 
in the furnace being allowed to go down a few feet, from want 
of attention in charging, so that the materials did not get so 
thoroughly prepared befure sinking to the point of reduction 
in the Ifurnace; and there was mor« liability of this occurring in 
close- topped furnaces than in open ones, from the di then Ity of 
seeing m to observe the kvel. He had found that his furnaces 
would sometimes turn round suddenly to white iron for a short 
time, and then return to grey iron; this was not of much conse- 
quence in the North of England, where white or mottled iron 
could e^Msily be disposed of, but that was not the case in South 
Staffordshire. 

Mr. T. Snowdosi replied that change of weather and difference 
in the ironstone were the chief causes of fluctuation in the 
quality of iron and yield of the furnace; but he could not say 
that any material irregularity had resnlted from taking off the 
gases. The iron produced from the dose topped-fu maces appeared 
rather superior m quality, darker, and with larger crystals; and 
he had never found the furnace drop off from grey iron to mottled 
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or white. In doee-topped fhrnaces the materials at the top were 
not exposed to differences of dry or wet weather as in open- 
topped furnaces; his own furnaces had the top closed by a 
cylinder and charging cone, like that at Ebbw Yale, and were 
charged with a whole waggon-load of 36 cwt at once, tipped 
direct into the furnace, so that there was no irregularity in . 
filling, and a saving of labour compared with clmrging by 
barrows. 

Mr. D. Adamsov observed that if there were much variation 
in the temperature of the gases coming oif from the furnace it 
would affect the draught produced by the chimney, and so might 
influence the working of the furnace: for when the furnace was 
80 cool at the top as to be damp, the chimney would cause an 
increased draught and augment the current through the furnace; 
while a high temperature of the gases in the top of the furnace 
would partly counterbalance the heated column in the chimney, 
and the draught would be diminished. Care should be taken to 
have the fire-gratea under the boilers and stoves closed air-tight, 
to prevent any air entering to impair the draught; and also to 
have a sufficiently high oiimney to avoid any pressure of gas 
in the closed top of the furnace. If the chimney were large 
enough he could not see any reason why closing the top and 
taking off the gases should interfere with the proper working of 
the furnace; and thought there would even be an advantage m a 
dose-topped furnace, by the pressure being relieved below that 
of the atmosphere, insuring a more active condition in the fur* 
nace under slII drcumstances. 



ON ARCHrrtECTURAL DRA.WING.* 
By W. BuRQES. 

Before leaving the MSS. room of the British Museum I most 
notice one or two other drawings there deposited. The first is a 
design in perspective of a large and complicated tent: the plan 
may be described as like that of Canterbury and other cathedrals, 
viz., a cross with two transverses. The drawing is made in 
black lines, is tinted up with brown, and the ornaments touched 
up with yellow. The book known as Aug. iii.. Cotton, presents 
us with several other tents, and a Renaissance fountain, the 
latter also in perspective, and tinted up with black or grey: it is 
likewise valuable to the artist as presenting him with several 
very Uirge coloured figures of the costume of the time of 
Henry VIII. 

The third drawing is a design for the tomb of Henry VI., 
which HeniT VI L, who revered him as a saint, had it appears 
intentions of erecting at Windsor; the execution however does 
not appear to have come off The design is in bad perspective 
as usual, but drawn very carefully, probably with a ruling pen; 
the arches and angles also appear to have been done with a bow 
pen. The ink is a sort of dark sepia, it is also shaded very 
neatly and carefully with the same: there are no figures shown 
in the niches, and the line of impenetration is distinctly shown; 
whereaa in some of the German drawings, if we may believe the 
engravings, the mouldings are simply £»wn in similiar cases as 
ending in nothing. 

The Sodety of Antiquaries have published also in the ' Vetusta 
Mouumenta' the drawings representing the funeral of Abbot 
Islip. This very curious roll of vellum, which is now preserved 
in Heralds* College, is of great value both to the antiquary and 
to the architect, inasmuch as it presents us with sundry views of 
the interior of Westminster Abbey before the Reformation: the 
lines are thin, and the execution delicate. From it we learn 
what statues adorned the altar-screen, and what statues were 
placed above it. The dosel, exactly the most curious part, is 
represented as being covered up, but the brackets on the pedi- 
ment of the wondertul tomb of Aymer de Valence are shown to 
have supported angels. Acain, the blank wall-space in the 
chapel over Islip's Chantry, where now the wax-work is deposited, 
had a large picture of the Last Judgment^ &c.; and another part 
of the roll presents us with the screens, now destroyed, which 
divided the chapels of the north transept from one another. 
Nothing can be much better than the drawing, both of the archi- 
tecture and of the figures, in this roll. I may mention, as another 
proof of the value of documentary evidence relating to the same 
Duilding, that the m^inuscript Life of St Edward, written in the 
thirteenth century, shows us what figures were placed on the 
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twisted columns at the western end of the Confessor^s tomb. It 
appears that they supported statues, and, if we may believe the 
MS., coloured or enamelled statues of the king and St John. 

I must now take you Id the print-room of the British Museum 
to examine the drawings of two of the greatest artists the world 
has ever produced, for we shall here find drawings made by the 
hands of both Albert Durer and Michael Angelo, both great in 
all the three arts, as I hope some day may be the case again with 
our professions. This aay indeed will not come in our lives, 
but still we must do our best to help on the good time; and 
instead of &me, take the consciousness of having done our duty 
as the reward of our exertions. First of Albert Durer, for he 
closes one great period of art. In the print-room is a very large 
square folio volume, nearly filled with drawings by this masteiv— 
at all events they are attributed to him, although I have always 
had my doubts how Albert Durer, although aided by great 
industry and a scolding wife, could have got through even one- 
half of the work attributed to him. His drawings are done in 
moderately thick lines, either with black or dark brown ink, and 
betray most certain traces of compass point^i, ruling pens, and 
bow pens. The first drawing I shall notice is the plan, looking 
down from above, of a most complicated fountain or pinnacle. 
There are pinnacles and pediments of an S-shaped plan, and 
indeed it resembles the almost impossible architecture that Israel 
Van Meekin designed on paper, and Adam Kraft executed in 
stone. There are a great many compass holes in this drawing, as 
if it had been pricked off. It is most carefully done, and the 
sections of the mouldings have the beads turned in with the bow 
pen; the lines of operation, such as the centre lines, are merely 
scratched on the paper, as it does not appear that their had 
means of erasing the lead lines: we shall see John Thorpe 
doing the same thing. Another drawing represents a tomb 
evidently Italian, beneath a vault supported upon four pillars; 
the drawing is done in black, and elaborately shaded with 
the same colour mixed with white; the lines are ruled. 
There are likewise designs for sundry pieces of jewellery; these 
are outlined in black or dark brown and then very slightly 
coloured with light washes of colour, the raised parte being left 
white. One design would appear to represent a large vase or 
fountain of the most elaborate description; from it the various 
figures pour out streams of liquid, whicm, as it is coloured red in 
one case, I, suspect to represent wine. There are two hands a 
little below the middle, which hold out cups, similar to those 
attached to the drinking fountains of the present day, to receive 
the noble juice. Indeed this design would make a most charm- 
ing drinking fountain if executed in copper and enamelled, or 
indeed even in stone, painted; and I should be very much in- 
clined to recommend it to the notice of the Drinking Fountain 
Association, whose designs certainly, to say the least, afford some 
margin for improvement. But te return to Albert Durer: three 
or four leaves of the book are occupied with a coloured desigrn 
for a baluster column covered with arabesques; the drawing is 
most vigorous, and the colouring leaves notning to be desired. 
The other drawings are more remarkable as curiosities than as 
having relation to architecture. Thus, there is the figure drawn 
from the model which he afterwards used in his beautiful plate 
of Fortune. The original figure is covered with squares, drawn 
with sharp pointe, evidentlv for reducing or enlarging it. At 
page 143 is a bird remarkably like liie dodo; and further on a full- 
sized elevation and plan of a shoe of the period, a most valuable 
drawing for the writer on costume. Durer, in &ct, appears to 
have h^ all the conveniences and appliances of modem times as 
regards his architectural drawing, but it is evident that his bow 
pen was none of the best, as his circles are the least neat parte of 
the drawings. 

Now for Michael Angelo. The British Museum is not verv 
rich in the architectural drawings of this master, yet is wiU 
probably be better to go through them, as they are more ac- 
cessible to the student than those in other collections would be. 
They are for the most part sketehed in with common ink (which 
has now turned brown) with a common pen, and drawn right off 
by hand, the circles being put in anyhow. Some of them pro- 
bably have been first of all scratehed in with charcoal, but we 
have no traces of it; one of them however has evidently been 
inked in upon something resembling chalk, or very black soft 
pencil. The drawings, even the details, are exceedingly rough, 
and if ever worked from must have been drawn out on a board 
by a pupil, and afterwards corrected by the master. They 
consist of all sorte of subjects, — ^windows, capitals, enteblatures. 
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^ — but none of any great interest. The Mas^ Wicar, at Lille, 
is the place one must go to who wishes to see what the architeo- 
tnral arawings of Michael Angelo are really like. It appears that 
Wicar sot hold of a sketch-book of Michael Angelo's, veiy 
similar in &ct, to that of YillaRi de Honnecourt, and it is this 
book, cut np, and glazed and framed, which constitutes one of the 
riches of the Lille museum. The hook contains architectural 
studies of the contemporary edifices — of those of Bramante and 
Brunelleschi; studies from classic buildings; and his own compo- 
sitions, including the facade of St Laurence, and the plan of the 
vestibule of the Lauren tian Library; and lastly, directions for 
casting artillery. It is curious to compare this latter with the 
Trebuchet of Villars, so excellently described and elucidated by 
Prof. Willis. I tind the following notes in my copy of the Wicar 
collection:— These drawings are executed in brown ink, with the 
help of a common straight-edge; there are no cross-hatchings, 
antl where the plans are tinted they are done so in a yery care- 
less manner. Very often no straight-edge is used, and the lines 
are drawn in by hand; lines are often drawn with a blunt point 
on the paper. The same institution also contains the vellum 
sketch or pattern book of Francia. As many of these compo- 
sitions are very small, j-inch by 1 inch, and others have the 
appearance of having been done for Nielli, it is not improbable 
to suppose that they were intended to serve him in his profession 
of golonnith. One page contains ten Madonnas, each less than 
the other, the lai^st 1 inch square, and least j-inch by f-inch. 
There are also on the same page twentyrfour portraits, eight of 
whom are Turks, besides several other subjects, such as childrens* 
games, ^ 

This museum also contains a copy of the drawing attributed to 
Van Eyk, of which duplicates are to be found, if I remember 
rightly, both at Bruges, Cologne, and I almost think Antwerp. 
It represents a female seated m front of a tower, holding a palm 
branch and book, the tower is octagonal or hexagonal, and in 
process of being built; it is drawn on paper, and entirely by the 
pen, except in some of the dark parts, where a little colour is 
dragged on to assist the lines; there is no cross-hatching, and 
occasionally small dots are used to continue the lines. It is 
ooverad with squares, and I suspect it to be a copy. 

We must now return to England. By the kindness of Mr. S. 
Smirke I have been enabled to examine the drawings by Thorpe, 
preserved in the Soane Museum. As several of these drawings 
are already known by the fao-similes published by Mr. Richard- 
son in his series of Elizabethan architecture, it will not be neces- 
sary to enter into the subjects represented. Thorpe appears to 
have had all the advantages which we have in the present day, 
except that he could not rub out his pencil or leaden point; thus 
the centre lines are done with a blunt point. His plans are venr 
seldom etched, although there are one or two that are so treated, 
among them a very curious plan of Hennr YIL's chapel, showing 
all the screens as perfect, as well as the site of' Edward YI.'s 
tomb in front of that of Henrv V II., which tomb was put up by 
one of his sisters and destroyed by the other. It is curious that 
I did not observe any cast shadows in the tinted elevations of 
Thorpe, or indeed of any of those which I have been noticing. 
There are cast shadows, but they are worked up to a sharp edge; 
It was reserved to the modems to make our drawings at onoe 
ugly and scientific With Thorpe we take leave of the middle 
ages. 

I here propose to close this small notice, merely calling 
attention to the very valuable and clever volume of drawings 
belonging to our library, and which contains a large number of 
sketches washed in bistre and indian-ink, apparently designs for 
scenes. Although belonging to the most Bocooo period, yet they 
display a power of invention and design that would do honour 
to any axre, and we can only regret that such good men should 
have fallen on evil times. We also possess a little sketch of Sir 
C. Wren's, done, like those of Micnael Angelo, with the free 
hand with common pen and ink. At the end of the last oentury 
and at the beginning of the present, the fashion was to make 
drawings in fine lines tinted with indian-ink. At the revival of 
Mediaeval art a favourite way of sketching was to outline in 

Sencil and tint up with indian-ink or sepia. Most of Mr. Blore*s 
rawings are done in this manner, and are so surprisingly and 
minutely finished, that they give the idea of very clear photo- 
mphs. But before this the custom of offices was to make the 
arawings simply in thin lines, and then to back-line them, a 
practice destructive of all breadth of effect, and absolutely per- 
plexing to the eye. The elder Pugin*s works are specimens of 



this style, which, I am happy to say, is nearly obsolete. The 
younger Pugin brought the first change to the svstem in his 
plates, where he, on the contrary, made things look too well by 
his marvellous etchings. Indeed, there is a fizziness and an 
action in all his plates which you look in vain for in the real 
thing. The present system of etching np a drawing is an off- 
shoot from this style, and is, I am afraid, open to very nearly the 
same objection. We have to thank competition committees for 
its use, who, forbidding the employment of colour, have obtained 
a much more seductive style of perspective; for I think I would 
any day back a good etched drawing against a coloured one. 

But after all, the success of a design in stone and mortar must 
depend upon the working drawings (for nobody sets out work or 
chisels stone from perspectives), and it is in those that I hope 
to see strong, thicx, bold lines employed, so that we may get 
into the habit of leaving out those prettinesses which only cost 
money and spoil our designs. But after all, no amount of archi- 
tectural drawing would msJ^e a man an artist or an architect-^ 
for they are one and the same thing— unless he makes a com- 
plete mastery of the human figure; and I would earnestly suggest 
whether this Institute could not aid the attainment of this end, 
by having evenings when a model should sit and a good artist be 
engaged to correct the drawings. When the profession generally 
begin to draw the figure, and make bold architectural drawings, 
and generally to think for themselves, instead of going to past ages 
and precedents, we may then hope to have an .^JtCHiTEcruRB. 



Prof. Donaldson, in the course of some observations on the 
lecture, said it was a curious circumstance mentioned by Mr. 
Burges that Harold sent abroad for workmen, but it was known 
that during the pre-Norman style in England, English work- 
men were engl^zed. With respect to the collection of draw- 
ings at Lille referred to by Mr. Burges, he (Prof Donaldson) 
had in 1853 drawn the attention of the Institute to those draw- 
ings, and he thought they were the production, not of Michael 
Angelo, but of Vasari. Of course that was a subject open to 
discussion, but from all the examinations he had made ne was 
led to the belief that the drawings in question were not by 
Michael Angelo. In Italy a great many drawings of architects 
were preserved in museums. It was the usual practice for 
masters of the art, after the thirteenth or fourteenth century, to 
make one class of drawings in perspective, and another in geo- 
metrical proportion, and those arawings were geneially executed 
in lines of sepia, with shading, more or less. The collection of 
drawings of the Duke of Devonshire at Chiswick was a very 
valuable one. 

Mr. DioBT Wtatt regretted that Mr. Burges bad not referred 
to the drawings of Holbein. The practice of drawing in thin 
line may have originated with the Anglo Saxon illumiuists, who 
had all lined in a very thin style. In his opinion Leonardo da 
Yinci had a most beautiful style of sketching, and he thought 
also that they might well have congratulated S^emselves a little 
on the remarkable powers of the pencil possessed by some 
English architects, such as Inigo Jones, who drew with extreme 
skill, and with a fine bold line; Reynolds was a careful but not 
so artistic a drawer; and the brothers Adam had great power 
as draughtsmen. After referring to other artists whose drawings 
were very excellent, the speaker said, if they of the present day 
went on with purity and dexterity in dfrawing, they would 
inaugurate an epoch of rare prosperity for the fine arts, and he 
thought that this country was rapidly approaching to that. 

Mr. Seodon thought the real source of the thin-line drawing 
which they deplored was the invention of india-rubber. The 
object of drawing certainly was to explain a man's thought, and 
not to hide it^ which seemed to be the only object of etching, 
which made a pretty drawing but did not explain the design^ 
which the style of Villars de Honnecourt certainly did. 

Mr. Strbbt said, it appeared to him that everyone who was 
worthy of being called an artist drew his own way, and ought to 
get on in his own style, and express himself in the most conve- 
nient way. They should so make drawings that they should 
be readily understood by workmen. Some much-abused archi- 
tects had certainly shown them the way to go, and how to avoid 
the faults they themselves had committed. 

Mr. Penrose fully saw the advantage of every architect 
drawing and expressing himself in his own way; but still it was 
very desirable that the best schools of drawing* should be pointed 
out to the student Mr. Burges pointed out Michael Angelo as 
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oae of the best antlioriti^a, if not the be«t, in a particular style. 
Now, he believed that the beat ooUeotloa of that artiBf s sketches 
wftfl at Oxford, aod in looking over them six or seven years 
ago, he did so with the greateat pleasure and satisfaction. The 
dniwingB at Bolog'Da were of an exceedingly Lntereating cha- 
raotar. Those of Pall ad io were drawings in a thoroughly 
«traightforward» practical style, with moderately thick lines. 
Palladio unfortunately was no sculptor; he could not draw the 
iigure. Had he been able to do so, he wouM have been all that 
his most enthusiastic admii'ers claimed for him. He thought 
their fears were over-excited in reference to peudJ lines, and the 
necesf^ity for giving up the india-rubber was becoming unneces- 
aary, because for the laat doz^n years he had not eeea a pencil 
mark that would rub out. It occurred to him that any person 
aooQstomed to draw out-of-doors, from real buildlugs, would 
naoeaBarily follow the natural style, because he would endeavour 
to represent the building before him. 

Mr. Kerb thought there was a distinguish ing style of drawing, 
just as there were distinguishing styles of architecture* There 
was, he was of opinion, in the present day, the Claaaic style of 
drawing and the Gothic style of drawing. In quan Classical 
forma in the last century the style of diawing of this country 
was decidedly of a Classical character — the lines were fine and 
the shadows indtcated in a certiiin manner, — whereas now that 
the style of design had changed into the romantic and pictu- 
resque style of architecture, the tendency was to tlie romantio 
and picturesque style of drawing. The style of drawing was 
part and parcel of the mind of the man, and which he followed 
by the evident necessity of his mind. 

Mr. White protested against the notion that either pictu- 
resquenesa was solely applicable to the Gothic school^ or that 
picturesqudness was the sole or the great element of the Gothic 
school. Again, he protested agsiiust the notion that grace, 
beauty, and n^finement, were to be found solely in Classic archi- 
tecture, or that they were solely the elements of that school 
He believed that they were common to both; that it was much 
more a question of southern and northern architecture than Gothic 
or Classic; and that the thickness of line depended much more 
on the amount of finish intended to be given to the drawing 
than to the representation of any style of an architect. He 
had found the thickness of line depend very much on the sharp* 
aess or bluntness of the pencil. 

Mr. Ferret thought tne proper plan was to draw the forms 
in a pure, clear manner. He would not diecuss the question 
whether the drawing should have a line the aiity-fourth part 
of an inch or the eighth part of an inch, but it should be the 
dear expression of the form intended to be executed. He 
thought that Mr. Street was right in saying that every architect 
Bhould throw into hia drawings the eipressioQ he wished to 
make as an artist 

Mr. G. Godwin said he thought the paper an excellent one. 
The lecturer said that to deceive a client was allowable in an 
architect, and at one time it whs so; but he believed that a higher 
feeling prevailed now, and that an architect wouhl think it a 
diagrao© to himself if he deceived his client He could not agree 
with the condemnation of all crockets and fizzings^ for that 
would lead to a very bald style of architecture. 



ON THE TREATMENT OF STEAM FOR THE 

DEVELOPMENT OF POWER* 

By J, G. Lawrie. 

Eko INKERS have within a recent period made considerable 
progreaa in acquiring a knowledge of the principles of steam. 
They have become acquainted with Joule's Law, which enables 
them to comprehend elements of the action of steam formerly 
obscure. They now know that the power which can be obtained 
from steam is measured by the heat it contains, and that the 
heat necessary to raise the temperature of a pound of steam one 
degree is as exactly defined by, and as exactly equal to, a known 
amount of power, as 1 ton is equid to 20 cwt By nieanfi of this 
knowledge the investigation of the amount of power derived from 
a quantity of steam used by any steam-engine, is reduced to an 
investigation of the amount of heat contiiined in the steam when 
it enters the engine, of the amount of heat contained in the 

* BeMl «! ibe laffLitatioin of E^giiiAen is SogOuid. 



steam when it leavei the engine, and of the coDversion of the 
difference. 

Proceeding in this way the action of expansive steam-euffinee 
has been elaborately considered by scieotitic men; but in all the 
investigations with which I am acquainted, the engines oon- 
sidered have been what mathematicians would call pure or im- 
material engines. No accoont has been taken in these investiga^ 
tiona of the effect in ihe action of the engine due to the substance 
of which the engine, and more particularly of which the steam* 
cylinder, is composed. The reaults arrived at are therefore those 
tiiat would be true if the parts of the engine were absolutel/ 
impervious to heat; and they afford important and conclusive 
information regarding the operation of steam on that supposition. 

But, in the practice of engineers, the effect derived from steam- 
engines is the result due to a complicated action arising from the 
radiation of heat, the conduction of heat, the transference of 
heat, by means of the substance of the steam-cylinder, &c,, from 
one part of t!ie stroke to another, and also very materially the 
result obtained is atfected by the action of the valves. In this 
complication care is necessary to discriminate between the dif- 
ferent causes, so as to arrive at proper conclusions regarding the 
effects. 

In illustration of this, the opinion entertained by some engi- 
neers that the use of expansion in unjacketed cylinders is pro- 
ductive of no advantage, and by other engineers of loss, is, the 
writer believes, unwarranted by the present state of our know- 
ledge on the subject; aod he also believes that the opinion of the 
use of the jacket being productive of some recondite and unin- 
telligible advantage, is equally without solid foundation. To 
obtiiiu the same amount of power from an expansive engine thai 
is obta.iued from one in which expansion is not used, the cylin- 
der requires to be made of increased size, which occasions lose 
no doubt from increased nuliatiou and increased cnnduction, 
whether the cylinder be jacketed or not» but not to an extent of 
any moment in the consideration of tlii« question. 

In estimating the power derived from a quantity of steam, it 
is necesaory, as has alreadj been mentionedj to consider the 
quantity of heat which the steam carries into the cvlinder, and 
tiho the quantity which it carries from the cylinder. In the 
proportion that the latter of these quantities is less than the 
former, the duty or j>erformanc« of the steam is increased. In 
an engine working without expansion, that is with full steam 
throughout the stroke, a certain smaller quantity of heat leaves 
the cylinder than entered it, the difference having been trans- 
formed into power; and in an expansive engine in which the 
steam ia a(]mitted during pnly a part of the stroke, the duty or 
performance of the steam caunot be less than in the former 
engine, unless the steam carries from the cylinder more heat in 
the expansive engine than in the engine in which the steam ie 
not expanded. Some englaeera entertain an opinion very un- 
favourable to the use of expansion in an unjacketed cylmder; 
and of these Mr. Humphrys, of London, states broadly his 
opinion that the use of expansion in an unjacketed cylinder 
ia alwaya productive of loss, and that the amount of loss le 
proportioned to the amount of expansion used, the loss begin* 
ning with the smallest timount of expanf^ion^ and increasing 
as the expansion is increased, to an extent so great that, 
when the expansion is considerable, three times the quantity 
of cual and steam ia necessary to produce the same effect that ia 
required when expansion is not used. 

Tlie writer has mentioned that, in an engine In which steam ia 
admitted of full pressure throughout the stroke, the quantity of 
heat which leaves the cylinder at the termination of the stroke is 
less than the quantity which entered the cylinder at the oom- 
mencement; and, if the opinion of Mr, Humphrys be correct, it 
follows as a consequence that in the expansive engines upon 
which he rests his opinion the difference lietween the amount of 
heat which eutered and left the cylinder when the engine worked 
expansively, must have been only one- third of the difference 
between the heiit which entered and left the cylinder when the 
engine worked without expansion. Thus, in an engine in which 
the steam is admitted throughout the stroke, if the quantity of 
heat which ©nt*rs the cylinder be represented by unity, or J|^ 
the quantity which leaves the cylinder and is lost, is J^,* leaving 
the difference -^ as the quantity uUliaed. Therefore in the 
engine upon which Mr. Humphrys experimented, the quantity 
of heat, if his views be correct, which leaves the cylinder and ia 

* Sob aoti M end of paper. 
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lost IB }f, leaving the diflFerence ^ as the quantity utiliaed 
when the expansion is considerable. The dutj of the ooalj or 
heat, or steam, in the two engines is very different, being in the 
one engine ^, and in the other ^; yet the difference in the two 
engines in the heat which is lost proportionally to the whole 
heat is very inconsiderable, being in the one fj, and in the other 
*J» These figorea bring ont prominently the necessity for high 
perfection in the construction of engines, and the facility with 
which a slip may he made from a result that is ^od to one that 
is bad. There are several ways in which the good result, 
namely, the one in which the loss of heat is only fj , may be 
diverged from; but on comparison of the two engines, the ex- 
pansive and non-expansive, it is exceedingly difficult to see how 
the effect stated by Mr. Hurnphrys can take place in a manner 
due only to expansion or non-expansion. 

It has been alleged that in an unjacketed cylinder the heating 
and cooling of the cylinder at the b^inning and termination of 
the stroke accounts for a loss of advantage in the use of expan- 
sion, but it does not at all account for it as identically the same 
operation: the same addition of heat to the steam during the 
progress of the stroke takes place in a jacketed cylinder. Except 
in the loss arising from the radiation and conduction due to the 
increased surfaces, the writer knows of no explanation which 
satisfactorily accounts for the results found in the experiments 
of Mr. Humphrys, and the loss arising frura these causes cannot, 
tinder usual circumstances, be of an amount to afford the expla- 
nation. 

In other experiments on this subject, — in those for example on 
which a distingubhed member of this Institution rests his un- 
favourable opinion of the use of expansion in an unjacketed 
cylinder, — not a loss, as with Mr. Humphrys, but a result giviug 
no advantage, as the writer understands, was obtained. The 
result obtained however in the instances to which the writer 
now refens is capable of an easier and more satisfactory expla- 
nation. When expansion is used it is neceasarj^ that the steam 
be freely admitted to the cylinder during admission, that it be 
sharply cut off, and that it be retained in the cylinder hermeti- 
cally till the period for its emission. These conditions, the writer 
believes, were not fulfilled in the experiments to which he alludes. 
In the steamer Islesman, for example, an account of which has 
already appeared in the Transactions of this Institution, the 
mode of effecting the expansion is, in the writer's opinion, of a 
defective character. In the account of that vessel it is stated 
that in a stroke of 36 inches, when the steam is admitted during 
4 inches, the exhaust Is opened at 26 inches, and the com- 
pression begins at 20 inches. In the gear by which the valves 
of this machinery are actuated, the amount of expansion is 
increased by reducing the travel of the valves, which has the 
effect of checking the free admission of the steam, of unduly 
increasing the compression, and of opening the exhaust at a 
period of the stroke when it should be closed. All of these 
effects are disadvantageous to the development of the power of 
the steam. 

In the same way with those engines in which the expansion 
valve is placed in the steam-pipe, or on a stationary plate of the 
valve casing, the ex[>anBion is effected in an unsatisfactory manner, 
and there is no doubt that in all of these cases the result, whatever 
it may be, is less advantageous than it would be with an efficient 
mode of effecting the expansion. 

It may be said however that the diai^'ams obtained are satis- 
factory when these modes of shutting off the steam are employed, 
and no doubt they ofteu are, as in the diagrams of the Isles- 
man, which were exhibited in this room. Now however that 
the pressnre and power of engines is measured with so much 
minuteness, the indicator is far from being an instrument suf* 
ficiently delicate for the purpose, and the diagrams of the Isles- 
man appear to establish this fact. Even with the greatest care 
the indicator in a tapering diagram is not to be depended on for 
accuracy, and, with the slightest inattention, the indications are 
very far from the truth. In the diagram, represented by A, c, 
B, D, the indicator probably represents, with tolerable accuracy, 
the pressure in the cylinder, because the changes of pressure 
from B to A, and from c to b, are large in amount and sudden; 
but in the tapering diagram represented by the line A, E, F, o, D, 
the changes of pressure beinc gradual, and in fact imperceptible, 
the pencu will necessarily faH Dehind the changes of pressure in 
the cylinder by an amount depending on the circumstances of 
the eaoe, but by an amount which, in all cases, is of considerable 
impofiance, and in many of large amount In the laleaman, for 



example, the steam is released at 10 inches from the termination 
of the stroke; yet the diagrams did not assume the shape repre- 
sented by the line e, f, h, d, which they ought to have done; nor 
is the shape of that character in any diagrams the writer has 
seen, although in all it ought to be more or less, aa in all engines 



the iteam is released before the termination of the stroke; and 
this proves either— ror rather proves both — that the diagram is 
incorrect, and that the steam requires a considerable time to 
escape even into a vncuimi. But if a time so considerable is 
necessary for the steam to escape even into a vacuum, the multi- 
farious phins of effecting expansion by means of valves in the 
steam-pipe, and valves placed over numcTous small apertures 
through plntes in the valve-casing, must be radically injurious, 
as they entail small tortuous passages, through which the steam 
cannot possibly travel with the freedom desirable. 

The writer has already explained that, in his opinion, the 
reason why in certain cases no advantage has been derived ^m. 
the use of expansion in unjacketed cylinders, does not exist in 
the heating and cooling of the steam cylinder, and that jacketed 
cylinders do not possess in that respect any material advanta^; 
yet in other respects jacketed cylinders possess advantages whtch 
are exceedingly important In steam which has not been sub- 
jected to any au|i«rheating process, a considemble quantity of 
water ts carried in mechaniad suspension, and when the steam 
is used to work a steam-engiue with an unjacketed cylinder, a 
further quantity of water is produced by the condensation of 
the steam in the development of power. But, in an expansive 
engine with a jacketetl cylinder, the temperature of the steam in 
the cylinder being lowered during expansion below that of the 
steam tn the jacket, the latter becomes a means of superheating 
the steam within the cylinder^ and so converts the water in 
mechanical suspension, as well as that due to the development of 
power, into steam, and effects in that way an important economy 
of fuel, provided the heat contained in the condensed water of 
the jacket be returned to the boiler. This appears to the writer 
to be the chief ail vantage of the steam jacket; and for the reason 
that he does not see a loss due to the heating and cooling of an 
unjacketed cylinder, neither does he see any very considerable 
advantage in a jacketed cylinder when the steam is superheated 
to an extent to prevent condensation during the development of 
power. Until, however, this superheating can be effected in a 
safe and mechanically simple way, the economy attainable with 
a jacket is unattainable without it 

Note an expansive inffinet. — ^The figures referred to by the 
writer are obtained as follows ; — 1 lb. of coal evaporates 1\ lb. 
of water, and therelbre the water receives 1 160 X 7i of heat = 
8625^ One horse-power per hour = 33,rKX) lb. X 60; 1 foot high 
= 1,980,000 lb. = 2638'' of a pound of water at the rate of 780 
foot-pounds for I degree. Therefore, the horse-power due to lib, 

8626 
of coal 1= -:: — = 3*4-horBe power. But, 4i lb, of coal are re- 

quired per horse-power in a good non-expansive engine, and 

therefore only -5^-^ ^ 1 L ^ ^'^ ^^ *^^*^ ^^^"» fe = I 

422 



3 4 X 4'6 ~ 16-3 ' 



of the heat received by the water is utilised, the remainder -- 
^ 46 

being lost In the bs, Thetis, at 1 J lb per horse-power, the heat 

utilised is -7, and the remainder — is lost In the enginee by 
46 45 

Eandolph , Elder, and Co^ at 2 lb. per hor»e-power, the heat 

utilised is -rz, , and the remainder, —r— , is lost 
46 46 
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CHTJBCH AND CONVENTUAL ARRAKGEHENTSL* 
By the Rev* Mackjihzie E. C. Walcott, M*A. 

Thb ** Upper Clmmber" of Jerusalem was an ordinary dwel- 
ling-poom^ built, like cnany of the Norman hooges, over ator©' 
chambers. The firat mentioD of a cborch occurs in St Panics 
Epistles, the next la of the early part of the third century. The 
word wpittKOJ', or church, occurs first in the writing* of the sue- 
cecdinij century J The form adopted was that of an oblong, 
allegorical of a shlp^ n symbolism pres^TTe<l in the name of nave 
(iiayia}^ as the spiritual church waa described aa **the Ark of 
Christ;"* and the triple arrangement of the lower arcade, tri- 
fonum, and clerestory, bear nu analogy to the first, neoond, and 
third stories of the Ark. Id the * Apostolical CoDstitntions of 
the Fourth Centory,' the direction is given — "Let the church 
he oblong, tuntetl towards the east, with lateral chnrabera 
(iTMTo^spia) on both sides, towards the east, a.s it is to resemble 
a ship: let tbo bishop's throne be in the midst, with the pres- 
bytery sitting ou either side, and the deacons standing by," ■ 
The Church of SS. Vioeozo and Anaataaio, at Bome, built by 
Honorius I., c. <530, has its walls curved like the riba of a ship. 
However, in the poem of St. Gregory Nazianzeu, * The Dream 
of Anaataaia' (Carm. ix. Op., torn. ii. p. 79), mention is made of 
''a Christian temple of four parts, with aisles in the form of a 
cross " At Djemilah, in Egj^pt, Lenoir stat^ that the founda- 
tions of a church anterior to the time of Constantino were dis- 
corered: it contained a square eel la, inclosed by walls; a nave, 
of five bays, with arcades opening on three colonnades, without 
a porch, but having a door on one side. 

At Thebea,* Baalbec, Philfe, Sebona, and Maharmka, men* 
tinned by Belzoni, the Christians effected a new internal amuige- 
ment of the pagan temples, a plan not uDcomnion, as we find in 
Eusebius, c. 380,^ and in Sozomen.* The atrium was roofed in 
and subdivided, as a nave, into aisles. Eusebius," describing a 
church or basilica at Tyre, built c 313 — ^322, by Panlinus, men- 
tions in it a semicircular apse, having sacred inclosurea, and 
forming a holy of holies. Stalls for the bishop and cler^ 
ranged behind and around a central altar, with a wooden trel- 
liscd screen parting it off from the nave, wliich was a square 
divided into three alleys; seats for the congregation; a lectern in 
the centre of the nave, flanked by singers and communicants; 
side porches, and a large vestibule; upper galleries for women; 
and lastly, a square court sun\»unded with a treHi?t»d colouuade, 
and having a fountain in the centre. It is not difficult to recog- 
nise here the antitype of the Jewish temple, which contained a 
triple division — ^thc inner sanctuary, preceded by an enormous 
porch, and pubdivifleil into (1) the worldly sanctuary, (2) the holy 
of holies, and (3) the outer court of worshippers. From the 
fourth century a eorresponding and uniform division of the 
Christian churches was made, and the two former appellations 
frequently were re-applied, A church at Edesaa' was thus 
modelled, c. 202. 

In the Church of the Apostles built at Byzantium by Constan- 
tine, the rooms of the priests wore built along the sides of the 
colonnade, as in the Temple of Zion, as the baptisteries were also 
circular, in imitation of Solomon^s sea of brass. A relic of this 
international correspondence may be traced in the entrance on 
the east in the old churches of R^^me, St. John Lateran, St. Cecilia, 
Quatuor Coronatl, St Peter, St Cleraente, and originally in those 
of St. Paul and St Lorenzo, an arrangement that re-appears in the 
decline of Gothic art at Seville, although another assignable cause 
is the orignal ground-plan of the basilica having an entrance on 
the east The Parthenon and Temple of Theseus were exceptions to 
the rule of orientation observed by the Greeks, and according to 
Hyginns and Plutarch, by the Roiunns. Pauhnns of Nola (ep. 
xxxii., ad Sevemro) mentions that the church there was a similar 
exception, Sidonius ApolliDaris. speaking of the church of 
Lyons built by Bishop Patient, faced the east; so also did SL 

* K«sd lit the Boy»l Inititiite oTBrlttoh ArchiUtcm. 
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Maiys, Antioch^* and that of T^re, both built by Constantinc^ 
Walafrid Strabo says that, the principle of orientation waa intro- 
duced only after a considerable lapse of time. TertuUian (Adv. 
Valeutf c. 2\ c. 200, speaks of the chnrch facing the east 

The Byzantine arrangement was of three kinds. 1. The circular^ 
as at Jerusalem, imitated in the round churches of the West, 
The basilican, with apaidal termination to the transepts, as at 
Bethlehem, imitated at Noyou, Soissons, and Bonn. 3. The so* 
called Greek cross, as at St Sophia, Constantinople, imitated at 
Provence, owing to commercial relations with Greece and Con- 
Stan tin o pie; in the west of Aquitaine through the intermediate 
step of St Mark^s, Venice, owing to Venetian settlera; and on 
the borders of the Rhine, owing to the support given by Charlfr* 
magne to Oriental art 

The circular form of the Holy Sepulchre built by the Empress 
Helena at Jerusalem, rebuilt by Charlema^e in 813, waa caused 
by its erection round a tomb: octagonal churches, such as those 
of Antioch and Nazianzum, like baptisteries, were built ou sym- 
bolical designs. The church erected on the Mount of Ascension 
powerfully affected Uie Eastern mind, and became a model for 
similar buildings, the domes of which were inscribed with the 
grand words of the angelic Balutation to the apostles.^ The dome 
was a necessary constructional development as the fittest cover- 
ing for a round building. Constantine built tlie firdt round 
churches in the West, those of St Constance, and SS. Peter and . 
MarcelUnus, at Borne. In the interior of the latter, and of St 
George, Salon ica, built by him, with its seven trigonal chapels; 
in those of the Holy Sepulchre; and in the eight little apses of 
the Church of the Apostles, at Athens; and of St. Yitalis, at 
Eavenna, built by Justinian, we observe a singular resemblance 
to the chevet with its radiating chapels. An octagonal church, 
internally circular, occurs at Hierapolisi, of an early date. Cir- 
cular and polygonal churches are also frequent in Armenia. That 
of Etchmiasdin is a square, with a central dome and apses to 
each arm of the internally marked cross. 

In the Church of the Apostles at Constantinople, Constantine 
adopted the form of the Latin cross, as in the Church of St John 
Studius, and a central dome above the sanctuary ;^^ the nave had 
timber roof. However, the necessary construction of four pillars 
to carry the dome, and of vaults to the nave and transepts, led 
to the abandonment of the flat ceilioga and roofs of the Latins, 

The circle or polygon was thus combined with the Li tin cross; 
and the gam mada, or Greek cross, arose from the combination 
of four gammas, the numeral designating the Holy Trinity. 
Arculphus describes a church of tliis form at Sichem, in the 
seventh century. The cupola in time waa extravagantly de- 
veloped, and the aisles reduced to narrow passages in the time of 
Justinian. St Sophia, consecrated a.d.^7 — of which the Empe- 
ror Justinian said, with a burst of emotion, *^ I have equalled 
thee, Solomon!" — forms a square with an eastern apse and a 
central cupola, and the form of the cross ia formetl internally by 
two square halls on either side of the dome; a portico ranges 
along the entire front of the building, as at St Vitalis, Bavenna, 
Sometimes doors only mark the form of the cross. Capolaa 
erected over each of the four arms served the same destination. 
After the reign of Justinian, the Eastern churches received a 
better arrangement^ a central dome, a nave with aisles (there are 
iive in the Pana^ia Nicodemi at At lien a), an inner porch, and 
three apses io the choir, as at Mistra. In the Benedictine 
Church of Daphnis, near Eleusis, probably built by the Vene- 
tians, the grouud-pian is a Greek cross, with central and eastern 
cupolas, an apsidal choir, aisles, and square lateral chambers. 
The dome, at firat flattened, as the builders grew bolder was 
afterwards elevated, after it had received the addition of a 
supporting arcade, pierced with windows^ The latter were 
round-heitded and sometimes arranged in triplets, and were 
closed with trellises of stonework. Belfries were of late intro- 
duction in tlie East, by the >Iart>nites in the thirteenth cen- 
tury," as the wooden clappers were long retained, and did 
not appear until the Franks began to exercise ostensible influ- 
ence. There is one of the Pointed period at Mistra, and a 
central tower occurs in Tenos. Chapels seldom occur until the 
fifteenth or sixteenth centuries. After the Tarkish invasion 
domes fell into desuetude, and the T^atin cross was adopted. The 
central apse formed the sanctuary, with the altar in the chord; 

• Soot. Qlsk £ed., lib. t. c. S3. 
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tb« noitheni the prothesU, or place of the credenoe; the sotithem 
waa the sacristy or dincouicum; the choir was arrauged under 
the dome, and separated from the altar hj the iconoBtaHia, a solid 
Bcreen" with a central door, hung with curbiina;^^ the men eat 
below, the women occupied galleries- The ehancei screen, »ciieAi8*r, 
is first mentioned b3''Theodoret.*^ Sometimes* * the men were on the 
south and the women on the north side. The choir sat on either side 
of the im6«y^ or pulpit, which had a little desk attached to it for 
the use of the reader. A long, narrow, wand^like c<jIoLinade (the 
nartbex) before the west front, imitated in the porches of St. 
Markka, Venice, of a later period, had three doors, — ^tlie central 
for the clergy, the north for women, and the south fur men. It 
was at once a baptistery, chapter-house, vestry -room, and lych- 
gatej and was occupied by the catechumens and penitents. It 
oo&Uujied a stonp'^ for washing. It was sometimes pp>vided 
with an inner narthex* St, Chrysoatom and St. Augnslioe used to 
preneh from the altar steps. 

The cross was not set up in churches until the midrlle of the 
fourth century, and towards its close pictures of saints and 
martyrs were introduced. The earliest sculpture is that of the 
Good Shepherd, carved upon a chalkw, as mentioned by Ter- 
tnllian. 

I may mention in passing that the firat notice of a formal con- 
seciatiou of a church occurs in the fourth century; that Venan- 
tiu8 Fortunatus makes the earliest mention of the use of glazing, 
when speaking of the Cathedral of Paris; and the custom of 
burials within the church may be referred to the interval be- 
tween the seventh and tenth centuries, and was of gradual intro- 
duction.^^ St Gregory, of Tours, says it was a Frank custom to 
hang tapestry round the altarsi of martyrs. 

The Byzantiue style, which baa been called a combination of the 
Liitin basilica and the round chapel of martyrdom (the latter beiug 
derived froin that of the catacomb or more probably the round 
church of Jerusalem), exercised a widely-extended influence, seen 
not only in the flat cupolas of the Saracen, the apse of the Ar- 
menians, and the bulbous dome of Russia. The Gatholicon Cathe- 
dral at Athens, probably the oldest Greek church reaiaining, and 
pertiaps auterinr to the time of Justinian, is nearly identical in 
ground-plan with that of St. Basil, KJeff, of the dose of the tenth 
century. The Cathedral of St Sophia in that town, of the 
eleventh century, consists of seven apsidal aisles, with broad 
lateral and also apsidai additions. The Russian type was a 
square ground-plan, a central dome surrounded by four cupolas, 
three apses, and a nartbex, according to Mr, Fergusson, and 
found in the tifteenth ctnitury in the Church of the Assumption, 
Moscow, built by a Boingneae: but the lateral eastern apses are 
parted off by screens into chapels. It is also perceptible in the 
West in the Byzantine cupohia, introduced primariiy owing to 
the influence of Venetian commerce and colonists; at St Front 
de Perigueox, built 984-1047, on the plan of St Mark's, and pre- 
senting a nar the i; in the cupolas of Cahors and Angouleme at 
the beginning of the twelfth century; at Souillac, Salignac, St. 
HUaire de Poicters, and Fontevraultj in the chapter-bouse of St 
Sauveur, Nevers; in the three eastern apses and the porch of 
Antun, c. U50; at St Medard de BoissonB, built 1158, in imita- 
tion of St Sophia — all buildings of the eleventh and twelfth 
oenturies; and up to the twelfth century in the churches of 
Normandy, Aquitaine, Poitou, and Anjou, while the Basilican 
and Byzautine forms are uuitetl. It is seen in the round churches 
of St Constance, built by Coustantioe at Rome; St Stephen^s, of 
the fifth century, on the Ctelian Mount; St* ISlartiu's, at Tours; 
St Benignus, at Dijon, of the seventh or eighth century; at Aix, 
built by Charlemagne, a church imitated, in the twelfth century, 
at Ottmarsbeim; at St. Germain Auxerrois; at Perugia, Bergamo, 
and Bologna, in the tenth and eleventh centuries; at Cbarroux 
la the twelfth century; at Segovia, Montmorillon, Leon, Metz; 
in England in the Temple churches (that in London was conse- 
crated by Heracliua, Patriarch of Jerusalem); in the foliated 
oeta^n of Justinian in St. Vitalia, Ravenna, bearing a marked 
aflinity to St. Sophia, and the earliest Byzantine church in Italy; 
in the apsidai terminations to the transepts of St Martinis, 
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Cologne, c, 1035, St Maria del Capitnlo, in the same city, of the 
twelfth or thirteenth century; at St Germigny de Pres, built 
807, as at Bethlehem, and at Noynn, of the twelfth century; iu 
the ground-plan of St Til^rtius at Rome, of the time of Constan- 
time; of St Cyriac, Ancona, of the close of the tenth century; 
St CiBflar at Aries; SS. Vincent and Anastasius, Paris; at Toi^ 
celloi and lastly, in the superb Cathedral of St. Mark, completed 
in the eleventh and twelfth centuries, which contains the pulpit 
and iconostasis of St. Sophia as well as a rood-screen.*' 

In the East, the cleiey-house (wturTQ<p9pia^ Sept Trans. Ezek. 
xl 17), libraries, a guest-house, and decanica or prisons, ad joined 
the church.^' These outer bui.Idmga were known as exedrai; and 
the garth, which succeeded to the pagan teoienos, as the peribolcs, 
tetnustoon and peristoon.** The pagan temples in the West were, 
from their small size and peculiar arrangements, not reaclily con- 
vertible into churches; the earliest so traoaformed was probably 
the Pantheon, consecrated as All Saints* in CIO; the next per- 
haps; St Urbano Alia CatTarelli, in the suburbs of Rome. The 
Parthenon of Atheus was transformed into St Mary's. 

When the Christiana obtained the right of toleration and 
open celebration of public worship, they took as their moiiel or 
rather actually occupied the basilica, tribunal, exchange, and hall, 
which by their form and dimensions were admirably adapted for 
the purpose; they retained the name of basilica, understanding it 
in the seuse of the "palace of the Great King.'' The name may be 
traced back to the Stoa Basileios of the Arcbon BaslleuH; the 
Porcia, the first built at Rome, was erected 210 n.c, by Porcius 
Cato. The judgment-hall of Pilate was a basilica, and its gaba- 
tha or pavement the raised tribune. St Paul, apparently, was a 
prisoner in the crypt of Herod's basilica. The atrium remains 
perfect in St dementi, which, though rebuilt in the niuth cen- 
tury, is a complete specimen of a basilica of the fourth or fifth 
century; also at St Laurence Without, St Agnes, St. Praxedes, 
and St Cecilia. In St Ambrogio, Milan, rebuilt in the twelfth 
century, is an apsidai basilica fronted with a large atrium. The 
apse, with one of the western towers, dates from the tenth cen- 
tury. At Segovia, St. Mellan has lateral exterior galleries, a 
feature common to this part of Spain and (lermany, being the 
peristyle turned inwurd in a transitional state to the cloister. 
Constantine converted the Vatican and Latfran bfiailicas into 
churches, and these formed a type for subsequent structures. 
Tlio plan was the folio wiug: — In front of the church was a courts 
atrium, or paradisus, like the court of Gentiles iu the Temple; 
and the prototype of the future cloister, surrounded by a colon- 
nade; entered by a vestibule (prothyrum), and having a fouotoin 
(cautharus) in the centre, covered by a cupola, at which the 
faithful washed their hands before entering tlie church. This 
court served as a cemeterv, and station of penitents, catechumens, 
and neopbytea. Where tlie court wa.s wanting tiiey assembled in 
the nartbex, a porch iu fnmt of the church into which the 
doors opened; on the left side of it was the font. 

The basilica itself was a parallelogram, forming with Ita pronaoa 
and aliB a nave, divided into three, or sometimes Hve alleys. The 
central body had sometimes an upper gallery or triforium for 
women audi tora. The aisles on the rightdi and were allotted to 
men, those on the left side to women, the tribunes and gall^riea 
on the left being given up to widows, and on the right to 
young women who had undertaken a religious life. In Trajan's 
five-aisled basilica, 360 feet by 180 feet, and 125 feet high, there 
was a gallery of this descripti«>n. In the centre of the platform 
of the apse the pnetor or qusestor bad sat, and on either aide, 
upm a hemicycle of steps (which on the grouud-pian is subdi- 
vided like the radiating chapels of a Gothic minsterX had been 
ranged his asi^essora. In tne chord of the apse had been the 
altar of libations. In the three-aisled basilica of ^laxeutius^ 
built three centuries later, we find a lateral apse resembling that 
of Germiguy de Pres. The chalcidicse, the transverse aisle, occupied 
by the advocates, became the transept, as at St PauPs, c. 3S6; 
and St. Maria Maggiore, c. 432; and the five-aisled t^asilica of 
St Peter, c, 330, where in tlie latter Case it extends beyond tlie 
line of nave, to connect it with two circular tombs on the north 
side, which possibly covered the apostle's place of martyrdom, 
and may have suggested the round tomb-houses of a later perio#l. 
At St Apollinaria, Rjvvenna, c; 493^525, the transept is wholly 
wanting, but a rectilinear compartment inserted in front of the 
great apse offers the first approach to a modern chancel At 
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Pifla, towards the doie of the eleventh century, we find the 

transept thus developed, with an apse extended into a choir. 
The triforium gallery under the aisle roofe is found at Stp 
Lorenzo, c. 680, and St. Agneee, c. 625; and Quatuor Coronati, 
c 625, Bttt the system never came into general use, owing to 
the preference for a long entablature covered with pictarea or 
moaaica. At Conques and Fontifroide galleries were constructed 
in the nave aisles. In the early German churches, near Bonn, 
a manner-chor — a gallery for young men— is found in the trifo* 
rium (Whewell, Germ. Arch. p. 91). At Parenzo a 642, and at 
Autun, a 1160, there are thr^e, and at Torcello, five, of the be- 
ginning of the eleveuth century, eastern apses; at St. Miniato, 
begun 1013, there is but one. At Romain Mortier, c. 753, the plan 
included a stunted transept, three apses, a narthex of the tenth 
century, and a west porch like a small galilee of the eleventh or 
the twelfth century, Ara Cosli. at Rome, had a cmdform shape. 

The dais of the apse was railea off by cancelli for a presbytery or 
bema, where the bishop occupied the qusestor's chair (cathedra); 
remaining at Parenzo, Si Clemente (of the ninth century), St, 
Agnes, S3. Nereus and Achilles, Home; and the priests the seats 
of his assessors (exedrai).^^ A choir was added oonstmctionsJIy, 
whirih reached into the nave, from which it was separated by a 
marble balustrade (septum) for the choristers, acolytes, &c. Am- 
bones or pulpits wers erected on either side of the chancel arch 
or door: one (analaginn) for reading the epistle; the other (am bo) 
for reciting the gospel, serving also as a pulpit, with the paschal 
candlestick placed on a stand beside it, reproduced in French 
cathedrals, at Paris and St Denis, at the top of the sanctuary stair. 
A triumphal arch (porto sant-ta, or regia) termed the entrance to 
the sanctuary, which contained the altar, covered by a "ciborium** 
— a "cibo sacro," from the reservation of the host, or from the shape 
of its cupola resembling the Egyptian bean — a pavilion raised on 
columns, and standing above the ciypt or confession. The 
theory was that every church (as BU Agnes, St Lorenzo, St 
Martmo, and St Praxedes) was erected over an actual catacomb; 
where this was impracticable a cr}T>t was made, and the cibonum 
or tabernacle was an imitation of the sepulchral recess of the 
catac^imb. Thei'e were two tables of proposition, one for the 
elements and one for the vessels used in the office: one remains 
At San Clemente; two at SB. Nereus and Achilles, Rome, c, 8O0. 
Where there were secondary or eastern aisle-apses (pastoforia), 
that on the left (diaconicum minus) served as the sacristy, 
librajy, and muniment room; that on the right (prothesis) as 
the vestry and credence-chamber. 

St Peter's at Rome had two aisles on each side of the nave, 
a transept on a level with the nave, and an apse on the west side; 
with a fioor raised to a height of 6 feet, formmg the platform of 
the presbytery, which extended abnut 9 feet into the transept. 
The entrance was at the east end. At the extreme west point 
was the pontifical chair, raised on a platform above the level of 
the presbytery; on the right and lefl of the chair the walls of the 
apse were lined with the seats of the cardinals. At the edge of 
the platform stood the high altar, under a ciborium or canopy; 
it was raised by steps above the level of the presbytery. On 
each side a ^ight of five steps led down into the transept Be- 
neath this platform was a «emicircular crvpt, close to the walls 
of the apse, used as a bnrial-plaoe of the popes. 'The entrances 
were at the junction of the choir and transept In front of the 
high altar was the entrance to the confession, the subterranean 
ohapel of St Peter, containing an altar. In front of the steps 
were twelve columns of marble, in two rows, said to have been 
brought from Greece, or Solomon^s Temple; and being inclosed 
with marble walls breast high, and lattices of metal-work, 
formed the vestibule of the confessionary. At the beginning of 
the thirteenth century the stairs to the confessionary were re- 
moved and the entrance blocked up. The nave was divided from 
the transept by the triumphal arch, under which a beam waa 
fixed, and in the space between a cross — an arrangement corre^ 
sponding with the rood-beam on the south side; and nearly under 
tne arch was the am bo, from which the gospel was i«ad. The 
choir of the canons was a wooden structure in tlie nave. 

In the churches of Bethlehem, St John Stud ins, Constanti- 
nople, in Asia Minor, and S^n-ia, we find the basilican form. At 
Athena there is a very ancient church in ruins, apaidal, and 
with three lateral distinct naves (those on the sides being de- 
fiigned probably for women), an area, and oentnU fountain. In 
Asia Minor the Byzantine style exhibits one class of domed 
buildings resembling 8t Sophia, and a second like a modification 



of a basilica, «a at Pitzoonda (probably built by Justinian), St* 
Clement Ancyra (slightly later), and lUerapolia, In the former 
the circular butldiiigs found detached at Perg&mus and Trabala 
are incorporated, forming eastern lateral apses. Per^mns church 
(fourth century) was an aislelesa btsilica, with galTeriesL eastern 
apse, transept, and two round buildings, one on each side of the 
transept, Ber\nng for a tomb-house, a sacristy, or a baptistery. 
The same princti le may have induce<i the construction of apsidal 
ends to the transepts. The Roman basilica of St. Peter, built by 
Bishop Agritius in 3£d, forms the central part of the Cathedral 
of Treves; it is the only remaining example oo this side of the 
Alps, Schmidt has shown that it was a square, divided into three 
alleys, and with a central apse on the east It probably had 
a portico with five doors on the west 

The gradual development appears to have been the following:^ 
First, to I'emove the inner narthex and the women's galleiyi 
seating Uie congregation on one plane; and to build apses to 
the aisles, as at St Saba, Home, St. Cecilia, St John and St. 
Paul, St Peter's ad Vincula, and at Torcello. Secondly, to build 
in front of the sanctuary (as at St Paul's, Rome) a wall parallel 
to the principal front, which was the origin of the transept 
Thirdly, to develope the apse by prefixing to it a parallelogram, 
as at St Apollinaris, Ravenna. Fourthly, the construction of a 
triforium, like the upper colonnade of the earlier basilicas, with 
an external wall passage or arcade forming a communication 
between the transepts and choir, as at St Sophia at Padua. The 
font, in Italy, waa transferred to the nave in the eleventh or 
twelfth century from the baptistery, but at an earlier date in 
Rome. The sepulchral cell of the catacomb formed the model 
of the memoriee, or funeral chapelis; — the tomb of the dead 
was the first altar, the catacomb the earliest church, at Bome.*^ 
" I was accustomed," says St Jerome, ** to visit the sepul* 
chres of the apostles and martyrs, and often to go down into 
the crypt dug into the heart of the earth, where the walls on 
either side are lined with the dead.^' These catacombs were 
quarries for furnishing the volcanic sand which forms the subsoil 
of Rome, and was well adapted to form long galleries; and it is 
of interest to remember that a common punishment of the Chris- 
tian was to work as a sandnligger. One of our homilies (Peril 
of Idolatry, p. 3) says — ** Vaultg are yet builded under great 
churches to put us in remembrance of the old state of the primi- 
tive church Wore Constantine " 

Wherever a space intervened in the passages closed by & 
blank wall, lateral recesses were hollowed out for the reception 
of sarcophagi; the roof was curved like a dome, and the opper 
part of the tomb was the altar, as in the early church oi St 
Sebastian, The crypt waa known as the martyrdom or confes- 
sion. It had three arrangements: — First, when a church was 
built over a catacomb, the old entrance was preserved, as in St 
Lorenzo and St. Sebastian, with steps to descend into it 
Secondly, if the tomb waa on the ground, then a crypt was built 
round it, and steps were made, while the sarcophagus was re- 

f)laced by an altar tomb. Thirdly, when a martyr was trans- 
ated, then the crypt was made to harmonise with the church. 
In the church of St Sabina the large stair is in front of the 
altar, at St Paul's behind it; at St Bftba's the stairs are in the 
nave aisles, and the crypt, forming a narrow passage, is reached 
by corridors, reminding us of the crypt at Ripon. At tha 
Quatuor ('oronati, a round stair leads down into it from tli# 
benches of the presbytery, as at Torcello, where there is a double 
wall in the apse. St. Markka, and St Praxedes, Rome, have 
narrow galleries like the passages of the catacombs leading to it; 
there is a subterranean church at St. Martin des Monts and St, 
Mary in Cosmedin, c. 790. At Inkermanu there is a rock-cut 
church, apsidal, with square-emied aisles. Rock hermita^ 
occur at St Auhin (near St Germigny de la Riviere), St Antome 
de Calumies (EL Pyrenees), St Baume (Bouches du Rhone), 
Montserrat, Wark worth, and the Roche Rocks, Cornwall, and in 
the grotto of Fontgambaud, near Blanc. 

In some instances a martyrdom was built like a little crypt, 
under the altar, with a shrine fenced otF by a screen, or perfomted 
marble, as at St George*s, Velabro, and BS. Nereus ana Achilles. 
Sometimes a small hole (jugulum) permitted the head of the 
devotee to be inserted, or the passing of a cloth to touch the 
relics. Crypts remain under the eastern apses of Spires, May- 
ence, Besan^on, and Strasburg. 

(To be eoniinmetL) 
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INSTITUTION OF CIVIL ENGINEERS. 

John Hawkshaw, Esq., Vice-Fre«idcnt, in the chair. 

Nov. 27, — The paper read wik« ** On the Mainiefian^ and DurahUity 
o/Subttiarine CMe9 m Shallow Watcra:' By W. H. Pbeeci, A J.C.E, 

BeferrinK to an opinion ejcpre«iied by thu late Mr. Kobort Steph^ni&nti, 
tU^voomMo to the durability of Submarine Cablea, th© authtir bop«i, 
by deUiliiij; hit own practicik] e3Cperience in the nudntenanoe of the cable 
cormecting the Channel Ifllanda with England, to eUcit a discusiion 
which, by tending to Botye that important question, migbt pruire bene- 
ficial to the profeuiaDi and aervioeftbie to the progrosi of ■ubmarinA 
telegraphy. 

The g«ograpluoal poattioQ of tike Channel Iilandfl, their rocky and rugi^ 
dmotitire, and thair expoBure to storms, the attDug currents by which they 
weire awept, and the natuie of the bottom of the sea by which they were 
approached, were fuUy deacribed; and it was stated that they were all 
calculated to try to the utmoat extent the quolificatiouB for tiercoAnence 
and durability of a Aubmarine cable connecting theae ialanda with tlie 
mainland. The CliAiinel Inlands Telegraph Company was formed under 
the Limited Liability Act, with a capital of jCSOiOOO, and a conditional 
goarantee of 6 per ctot. from goverament. The contract for the whole under- 
taking was let to Mesars. Newall and Co., who hod ■ubmerged the cable, 
ooDBtnicted the laml lines, and handed them over to the company, before 
the author waa appointed engineer. The route and oonatniction of the 
line, aubmarine and underground, from Weymouth, through Aldemey 
and Guemaey, to Jersey, and ita exoellont working condition, were 
then described. Tiic whole length of submarine cable aubm^erged waa 
93| miles. The length of underground work waa 23 milee. The under- 
grtjund work conaiated sbaply of a gutta-p<;rcha coverod wire, ooated 
with tarred yam, and Uid in a creoaoted woixlen trough, buried alwmt 
20 inches in the ground. The cable comprified two portions — tho aea 
part» and the shore enda. The sea part was a No. I gutta-percha covered 
wire, serred with tarred yam^ and protected by ten No. 6 iron wires. 
It weighed 2^ tona to the mile. The shore ends were ainular, but were 
protected by ten No. 2 inin wires. Thoy weighed] 6 tons to the mile. 
llle line waa opened to the public in September 1858. 

The intermptiona which had oocnn«d to the working of the line, and 
the plana adopted to remedy the defects, were then Buocesaively enume- 
rated. In approaching rocky ohorea awept by fierce currents, and in 
handing the ends upon such points, great core was neceesary to avoid 
dan^ger. It was also neoeasary to protect the cable fix^m detrimental 
cmofure to the ftirf, spray, and atmoaphere. The chief accideuta to this 
caole had been peculiar, and were di^erent to all previous ones with 
other cables^ which were the result of weDknown causes. With the 
exception of one inatanoe these accidents arose quite unexpectedly, with- 
out any previous symptom of weakneaa or decay having been given. 
Binoe the subraeraiun of the cable in August 184S, the cable hod been 
ruptured in eleven ilifferent places. Two of these acctdenta were the 
result of careJessnetis In landing the end of the cable on the Jersey shore; 
four were oauaed by ahipa draggin<^ thetr^ anchors; and five were pro- 
duced by the abrasion of the elsiider wire upon the rocky bottom. The 
aooidenta anaing from ships* annhoce took place between Jersey and 
GnerDsej. Thm6 residting from abrasion occurred between Aldemey 
Mid Poftland. Between Guernsey and Aldemey there had not been a 
single faUure. The constant iaterruptiona of this line were attribu table 
to two causes — weakness of cable, and error of judgment in selecting the 
route pursued. 

Although the cable was iu the author's opinion too weak, yet be did 
not attribute the failure of the system so much to that canae as to the 
route selected. In justice to those who laid the cable, it ehould be 
known that if reliance had been placed on the Admiralty charts, there 
waa an explanation of the reason why thla particular route had been 
choaen. But, unfortunately, in describing the nature of the bottom, 
these official charts were aJtogetber incorrect; oa they not unfrequently 
nbowed rock where aand was found, and sand and gravel where there 
were rooks. Cables should, however, never be trusted to the unseen and 
unknown action of the bottom of the sea without the oouzse having first 
been most carefully Burveyed, 

The author next proceeded to pomt out the oxidation and decay of the 
cable in different localities; showing how, in sand and mud, when it had 
become buried it was in perfect preservation, while on rocky ground, 
when awept by the tides it was being rapidly corroded. The extn* diffi- 
culty »nd expense of repairing decayed cables, and the necci<§ity of 
retaining their strength unimpaif^ were adduc^ aa imperative reaaons 
for oiloptdng aome outer prtJtecting coating to the present form of aub- 
marine cables. 

In deaignmg a oable ita dambility and maintenance should be prima- 
rily considered. The preaent heavy cables wero believed to have been 
erroneously couatructeii; aud it was recommended that in future the 
outer wires of cables should either be stranded or else be surrounded 
with two servings of arnxdler-aized wires. 

The plan adopted in rep.'iiring the numerous breaks to the Clianuel 
Islan^ls cable was then described. The sj'stetti of grappling, buoying, 
picking up, &c., having been previously brought before the Institution 
{vidt Minutes of Proceedings, vol xvii. p. 262), aJJuaion only waa made 
to the method adopted in teating, and in calculating the distanoe aud 



poBttion of faults and breaks. This could now he accompliahed with 
such accuracy that iiietancea were mentioned in which Meaara. V&rley, 
Q. Preece, and the autbur, had indicated the exact spot of faults, though 
30, 60, and 60 miles distant. The principlea employed in teating were 
dividcMJ into two danea, according as they were dependent upon the 
laws of realatance or upon the laws of induction. The basis of aU 
resistance tceta waa the fundamental law of Ohm, expreaaed by the for- 
mula R — —^^ where B waa the resistance, L the length of the wire, 

C the specific resistance of the material employed, and S the sectional 
area. The advantage of expreaaing in units of tesistanoe the insulation 
and conduction of substances waa conaidcred. The oouatnictirm of 
resistance ooila, the yorious standards of resistance esnployod by different 
individuals, and Xhe manner in which one standard could he leduoed to 
another, were described. The Inatrumenta einployed in measuring re- 
fiiatancea — the Differential Galvanometer of Jieotquerel, Wheatotone's 
ParaUcIogram, and the authors Multiplying Differential — wure then 
noticed. By the last instrument resistances »>uld be measured from 
small fractitms to high multiples. From the standard coils attached to 
Of the resistance of any other standard or any cable could be read, with- 
out going through the usual arithmetical calculation. Another system 
by which much higher multiples could he read waa shown. 

The laws of induction were next conflidered, and their various formulas 
given, showing how the ohaiges and discharges In different vrires were 
regulated, and oould be compared. The basis of all induction was the 

11SR41 
law expressed by the following formula, C = • - , where C was the in- 

dnced charge, n the battery power, S the surface of the wire, R the 
resistance of the conductor, t the epecific inductive capacity of the 
insulator, and d the ratiu of tho distance beti'v'een the inside ana the out* 
side coatings. The difference between discharge and return current wm 
pointed out. The instrumenta employed in measuring and registering 
the discharge w^re described, including the author s Reduction Inducto 
meter, which could measure the discharge of any wire of any length, 
from one mile aad upwards. The errors that teats were Uable to, bucIi 
as the reaifltanco of ends and faults, and the occurrence of partial faults 
in different localitiea, with the plana adopted Ui detect and allow for 
these discrepancies, were fully detailed. The various kint^la of faults 
to which a cable was subject were then adverted to. 

In concluaioD it waa remarked that there wa* no imperfection which 
could not be detected, and no accident which could not be provided Against. 
But when experience waa ignored, and when the errora that had be^i 
committed by those who hid hitherto had the control of submarine 
cables were considered, it could not be wondered at that opinions should 
be expressed unfavourable to the progress of submarine telegraphy. 



A nnual General Meetinf^. 
Georok p. Biuder, Esq., President, in the Chair. 

Ik presenting an account of the proceedings during the last twelve 
months, it was remarked that the principal duty of the Council hod been 
to carry out. and persevere in, the practice and regulationa established 
during previous years, whidi had been f^ituud to contribute so much to the 
ateiwly growth and increaaing imp<:>rtanoe of the In^ititution. 

On t&a occasion a abort account was given of the state of engineering 
in a few distant c^iuntries, and particularly in some of the British colo- 
nies ; becauMc tho»e undertaking:* might not be generally so well known, 
and because attention liad previously been chiefly dufeoted to engineering 
progress in the United Kingilom, and on the continent of Eiirc^po. 

At the Cape of G^ood Hope, a railway, the first undertaking of the 
kind in that colony, had been commenoed, which would run from Cape 
Town, through Stelleubosoh, to the Paorl and Wellingtc^in, a distanoe of 
about 58 miles. The first section of this line woultl, it waa expected, be 
opened shortly. At Cape Town arnuigementa would bo made %o coimect 
tno railway with the harbour works now being carried out, under an act 
passed by the colonial iegisibture in 1S5S. Tluwe works comprised a pier 
or breakwater, running from the western shore of Table Bay, in a north- 
easterly direction, for a length of 3250 feet, which would provide refuge 
accoimnodation, and commercial facilities, at an eatimated cost of 
£400, (K)0. In order to procure nmteriala for the breakwater, which 
would lie formed by a rough mbbie mound, a baain was to be excavated 
lui^-iiig an area of I04 acres^ with a depth of 20 feet at low water of 
spring tides ; and there would be about 4100 feet o! nuava. An outer 
biuiiu, 4^ acres in extent, would be available for the trade, it waa thoughi, 
in abtmt two years and a-half. 

Tlie principal engineering worka in progress in Australia were roads, 
telegraphs, aiid railways. Telegraphic communication vrtm established 
between the capitals of the three colonies, and Tamnonia bad been con* 
nected by a submarine cable, which was now unfortunately damaged^ 
between King^s Island and the Hummocks. The telegraph wii-es, which 
were carried overground, might be seen wherever thc^re were tott^l«, bs 
would be gathered from the statement that there were now 1000 milta in 
operation in Victoria, about 1000 miles in New South Wales, and nearly 
5i)0 miles in H^iuth Australia, The railways, with the exception of two 
or three short linea near Melbourne, all belonged to Government, aud 
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hArl been carried out by menus o! loans ; the only private tinri«rtftk»ng of 
ji.fiy tfiAc^ntudo, the Q^lon^ «nd Melbourne line* havuig lutely been pur- 
cha»e<1 by Government fen- about £750,000, at pjir. lu South AuBtmlia, 
» prop<*wi.l hail recently been miwle to iuaugurate a fresh p(*licy. Two 
ne\v railwAya were projected— n ehoti Buhurban lines t*j which it wa« 
propiiHed to give a liuiited guarantee ; and a mure imp^jrttvnt line, towards 
v.^hich ft dotation of land was offered. Unfortunately, a unifonn gaugo 
hid not been a^loptc^.l, as it ahould hav« been, in all the colomas ; for, 
whikt in Victoria and in South Australia the rails were laid to a gauge 
ol 5 feet 3 inchaa, in New South Wakd the gauge was i feel 8^ incheii. 
Thia wa« likely to cauie congidei'able inconvenience in the future, when 
the main trunk lin^ to connect tho capitals of tho respective colonif^a 
were completed. 

The railways in progress in New South Wales were — 1. The Great 
Southern; 2. The Great Western; 3. Tlie Great Northom, The 
Soutbenu or maisi trunk line from Sydney, ultimately intended to join 
the Victoria system of railways at the river Murray, had been openod 
ma far US Campbelltown, a distance of 34 miles. Up to Paramattis 13^ 
miles, there were two linos of way, and beyond, only a single line. A 
further leJigth of 20 miles, as far as Picton, was escpected to be completed 
in a few months. The cost of the d' lublo line, including n>lUng etock 
and machinery, and workshops at the terminus, had amounted to upwards 
of £40,000 a mile, and of the single line about £10,000 a mde. Trial 
surveys hatl been made, and estimates prepareil of the cost of cxtendbig 
this line to Goulbura, from which it app^iu^ that the natural dilficultit^a 
were such as would necessitate an ex[>enditiire gnjatly in exc^ess of that 
Mtbflrto incurred. The Western, starting from the Southern, 1 4 iniio 
west of Panunatta, was opened as far as Blacktown, on the Windsor 
rcMd^ ft distance of 8 miles, in August last. Hie cost had averaged 
about £10, 5 1)0 a mile of single line. Tlie works were now in progress up 
to Penrith, a further diptance of 12 miles. Tliis line was at present pro- 
posed to be carried to Eathuret, and extensive surveys and explorations 
bad been made of the country between the Hawkesbujy and that place, 
inoludin? the valley of the Grose, in order to discover a practicable route 
by wMda to pass the range of the Blue Mountains. The Northern 
Rwlway started from Newcastle, about GO miles north of Sydnjey, 
between which places there was steamship commuuioation daily. The 
line was opened two years ago to East Maitland, and eubooH^uently to 
West Maitlaud, a distance of 20 miles ; and in August hv^t to LochinvaTf 
a further length of 3 miles. From Lochinvar to Singleton, 23 miles, the 
works would be finished in the middle of 186L The expenditure hod 
amounted to about £12,000 a mile of smgle line. The countrr was 
under survey beyond as far as Muswellbrook, 70 miles. It alx>unded in 
mineral*, particularly in ooal, from which all the AustraUan oolonieB^ as 
well m India and China, might be supplierl. 

In the thriving colony of Victoria, the railways now open were the 
Geelong and Melbourne, a single bnc, 40 miles long, passing through a 
level country, in connection w^ith which there were extensive plem and 
wharves at Williamstown, the port of Melbourne ; also the isoburban 
railways, wtdch had been constructed by private companies, in whose 
bands they still remained. These were— 1. MelWjume and St. KUila ; 
2. St. Kilda and Brighton ; 3. Melbourne to Richmond, Hnwthome 
And Brighton ; and 4. Melbourne and Hobson's Bay, a double line, 3 
miles in length. The great lines to the interior were— 1. MelboHrae and 
Mount Alexander t«> Ca^tleraaine, R.indliurat, and Echuca, on the river 
Murray, a length of 152 miles. The main line had been opened to Sun- 
bory, 22 miles, and also the branch t<i Williamstown, The p>rtion of 
the line from Sunbary to Wood end, 28 mileft, wha expected to !« finished 
immediately. 2. Geelong and BaUarat, a length of 53 miles, of which 
no part was yet 0[»en. Tlie estimated cost of these two lines, both of 
which would consist of a double wuy, was seven miUiona (upwoj-ds of 
£34,000 a mile), (»f which three miUious sterling had been already raised 
and expended. With resftect to the general character of the country, it 
was described as rising iv " i- '-"> ♦- ■" ^'^ f>'>**H to the rlividing range — 
with the exoeption of on r^et — to a hciijht *-f arxiut 

2000 feet in 40 miles, i i chasms, or ravines, 100 to 

fiCM) feet in depth, and (jGO to ya^O iVet in width, through v hidi the 
water falling on the higher ncnjifea was tiiachffrjTvxl with impetuous velo- 
city. But there was a Uital aljist-nce of those . ' ' ult valleys which 
were found in England. The Larger rivers, cr i vines Itui been 

crossed getterally by viaducts constructed Wiu, j*i'i,..iiionts and piers 
Ckf bluestone masonr)*, and wrought- iron suiierstrQCtures. The permanent 
wav was of the most substantial character, consisting of a double headed 
rait weighing 60 lb. per yard, hahed, and laid in chain in the ordinary 
way, on native timber slee^iiers. 

In South Australia a duuble line of railway, from Port A«k l.%ide to 
Adelaide, a distance of 34 miles, had been opened for three or f«)ur years, 
and A single line from thence to Gawler, 21* ralles, for two y»-iir8 and 
»-half. FroraGawlerto Kapunda. 16 miles, th^* line was o^Hiued thia 
ycWTi It was proposed to extend this line north wsuds. 

The oldest niilway in Canarla, a short line called the Lapra'rie ami 
St. John, was opened for tratfio in July, 1836. From that {H-'iiwl imtil 
the year 1849, httle pn^gress was made in the extension of railways. At 
the commenoemcut of 1857 then* were 14<>2 miles of line in operation, 
and at the pre^^nt time the mileage was 209 B, and the number of rail- 
ways 15^ all which, with one eaioeptlon, hatl been constructed between 



1852 and 1S60. The three prindpat hnes were the Bufiab srtd Lake 
Huron, the Gteat Western, ajid the Grand Trunk. They ran Inngitudi- 
nally through aepftrate divisions of Canada, and were constructed with a 
view to secure a share of the large traific in passengers, goods, and agri* 
cultural produce, w^hioh found its way &om the Weatem States to th& 
A thymic seaboard, and vice verm. The Wdland railway (25 miles \>m^j 
was constructed two years ago, mainly for the transportation of grain in 
bulk, and heavy gixids, in opposition to the Welland Canal, which had 
an ascent of upwards of 3t mi feet of lockage to overoome between Lakes 
Ontario and Erie. All the otlier lines depended chiefly uptm local 
traffic. The Canadian railways had nearly all a uniform gauge of 5 feet 
6 inches, and were all singLj lines. The average eost per mile of the 
main lines had been abjut £I5,000, inclusive of rolling stock and other 
expenses. Tho cost of the branches had ranged fmm £6(^00 to £l 0,00(1 
a mile. The bridges were generally built of timber, which it was thought 
cheaper to renew every ten yeare than to build at first in stone or iron. 
But on the Grand Trunk the britlges consisted clnefly of tubolar iron 
ginlers, and on the Great Western main line there were also some 
wTought-iron bridges. The capitid embat4ced in Cana^iian railways 
amounted at present to about £26,000,000 sterling, of which £4,161,160 
might be considered as the contribution of the province of Canada, inas- 
much as the interest on that amount (£249,64ii^) was an annual charge 
u[K>n its revenue. 

The only other engineering works oonstracted in Canada dnring the 
last few years, were the deepening and improvement of the river St. Law- 
rence, between Montreal and Quebec, the erection of hghthonseg in the 
Gulf of St. Lawrence, and works for the supply of water to Quebec, 
Montreal, and Hamilton. 

During the past three or fom* years there has been great stagnation in 
the extension of railways in the Northern and Western States of America. 
In Michig'an, the Grand Trunk (of Can.'^la) had constructed 65 miles, 
and the Great Western (of Caniuk) hiwJ contributed largely tfiwanls the 
completion of the Detroit and Miliwaultie Railway, 186 miles in length. 
The other American nulwihys in progress at present in the North* 
Western States were all westward of (;hiciigo, and had all the common 
object in view of opening up new territories west of the Mississippi Mid 
Missijuri rivers. 

In Russia, the St. Petersburg and Warsaw Railway ^^^u commenced, 
as a Grovemment undertaking, about the year 1S51 ; but in 1856 it was 
ceded, with others., to t!ie Grand Rnasisn Railway Company^ The 
length of this line was about 670 mHea, one-half of which was C4:»mpl6te4l, 
though many of the works were merely temporary , A bmnch U* connect 
this line with the Berlin-Kdaigsberg Railway was being vigorously 
pushed forward, and the portion to the Prussian frontier was already 
o^>en for tratfic. The Riga-Dimaberg Railway, 140 miles long, rtinnlng 
from Riga towards the producing districts, and by its junction at Dunt- 
berg wiUi the Berlin and Warsaw Railways, connecting Risra with the 
network of European railways, was rapidly appn^nehing e. t ' - ♦])« 
earthworks and permanent masonry having almoi^t all In ' d 

before the close of the last season. The Moscow and N:j!.. . „,.;i:»d 
line, which would connect the western ports with the extreme European 
end nf that vast empire, by means of those important thoroughfares for 
go<:Kls, the riven Kama and VoIa, was makiiur rapid progress, and one- 
half <if this line was expected to be ready for traffic next summer. 

The improvements which have been made in the iron mjouiufactuie 
during the last few years, arid the changes that were now taJiing place 
were then referred to; and it was stated that the result luul been that 
whereas the annual '* make'* of a blast furnace in the year 1750 was only 
about 300 tons, now it ranged from 5000 to 10,000 tons per annum; and 
in a few cases amounted even to 15^000 tons per annum. In referernce 
to wrought-iron it was said that the pkiu of reversing the roUs had lieen 
considerably extended, and oocaslotiolly a second pair of rolls was placed 
close to the first, running continuoaaly in the opposite direotbo, so that 
the iren could be rolled either in coming forward or in going bftek. 
Plates Ij inch thick, by 3 feet wide, and 20 feet lonc;^, and plates 
4^ inches thick, by 3 feet wide, and 15 feet long, had been rolled, as 
well as ban ap to 72 feet loQg. Most of the im|iruvement6 in the manu- 
facture of steel hod been introduced within the last half -century. Cast 
steel bells, weighing 53 cwt. each, had been made in this country, and 
castinga of steel weighing 100 cwt. in Austria. Large phutes and very 
heavy bars had also been made of puddled steel, produc<^i direct from 
cast-uon; and lastly, steel wire, when hardened to about a deep blue 
temper, was found capable of oonying 130 tons per equaare inch. More 
than one process had \yeen used in the production of cheap steel, which 
had been found by reoent experiments to ])oeiies8 nearly double the 
strength of ordinary iron, accompanied by other valuable proper^es. 
With regard to the appUcatious of iron, a new era commenced with the 
construction of the Conway and Britannia bridges; as the elaborate ex- 
peTiments made prior to their construction t^ded to prove that pre* 
viously received theories were in some respects erroneous. Again, the 
building erected for the Great Exhibition in 1861, from its bghtness and 
security, called attention to the hitherto undeveloped capahihties of tlte 
combined use of cast and wrought iron firr such purposes. 

The improvements in the artillery and prejectdea of the praeent day, 
which haa resulted from the efforts of civil engineers, were calculated to 
jesMl to importa.nt changes in modem warfare. Simultaneous with the Ti^ld 
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advance in the destractiveness of woApons of offence in attack, there was a 
necessity for a corresponding alteration in the means of resistanoe. These 
subjects had led to elaborate researches and experiments for ascertaining 
the best Qualities of .metals to resist the enormous strains and concus- 
■ions which had to be encountered, and the best dispositions in which to 
employ them. Iron-coated ships had for some yean been regarded as a 
probable coming necessity; but it was not until about the end of the 
year 1858 that the Admiralty for the first time seriously considb^ the 
subject. This resulted in the designs on which the Warrior and Bbusk 
Prince were now being constructed. The problem was one of great 
difficulty. An enormous weight of armour had to be added to the 
weights hitherto carried. At the same time greater speed was demanded, 
and that involved increased weight of engines and ^a larger supply of 
fueL Then again, the weight was top-weight and wing-weight, which 
had to be carried on fine lines for speed. To reconcile &ese conditions 
with the practical points in a war vessel, and to give such a ship good 
seafaring qualities, to make her a good cruiser, and also well suited for 
a voyage, and for the probable conditions that would attach to an 
European war, was a problem which might well employ the professional 
akQl of naval architects, and of every member of the Institution. 

The principal papers read during the session were then noticed; and it 
was remarked that there were still many important executed works, some 
even possessed of great novelty, which had not yet been brought for- 
ward at the meetings. It was hoped that accounts of these undertakings 
would still be brought before the members. The intense interest which 
the discussion upon Mr. Longridge's paper ''On the Construction of 
Artillery " excited, was referred to. On this occasion Sir William Arm- 
strong and Mr. Whitworth — members of the council— each exhibited a 
12-pounder gun on his system, described its mode of manufacture, and 
explained its working; and the council thought that both of these gentle- 
men were entitled to the best thanks of the members. 

It was stated that the library was now occupying the attention of a 
committee of the council, with a view to ascertain what was required to 
render it as con^lete a collection as possible of works on engineering and 
the allied sciences, as well as of books of reference on general scientific 
subjects. The members were urged to assist in procuring copies of all 
treatises, reports, and documents relating to professional matters; as this 
was the natural place for their reception and preservation, where they 
could be consulted by all. At the same time steps were being taken to 
have completed the set of the Ordnance maps of the United Kingdom, 
and to procure copies of the maps illustrating the geological survey of 
the British Isles, and the trigonometrical survey of India. Endeavours 
were also being made to obtain copies of the reports of all the different 
railway companies, as such a collection would be, it was believed, of 
great interest and value. 

The deceases during the year were: — William Alers Hankey, honorary 
member; WilUojn Blackadder, Terence Woulfe Flanagan, Col. William 
Naime Forbes, B.K, Robert Gnmdy, Joseph Locke, M.P., Charles May, 
Joseph Miller, Thomas Penson, Robert Berthon Preston, John Geale 
Thompson, William Francis Isherwood West, and Francis Mortimer 
Young, members; Capt. William FuUarton Lindsay Carnegie, R.A., 
lieut. Edward Eraser, B.E., Robert Hughes, James Wardrop Jameson, 
William Sayce, William Sims, and Archibald Slate, associates. 

The resignations of one member and five associates were announced. 
The nmnbor of members of all classes now on the books was 930, being 
an effective increase in the year of 86. 

By the death of Mr. Locke the Institution was deprived of the services 
of a valuable and influential member, who was most solicitous to do all 
in his power to advance the conmion interests, and to maintain the 
dignity and social position of the profession. The suddenness of his 
removal while in the enjoyment of apparently sound health, and follow- 
ing BO immediately after the deceases of his niends Brunei and Stephen- 
son, tendea to render this loss even more severely felt. 

The abstract of accounts showed that the receipts for subscriptions 
and fees amounted to £2550, and the expenditure to £2100, the outlay 
for minutes of proceedings being much less than in previous years. There 
being thus a balance in favour of the Institution, in addition to the 
£1000 already placed on deposit at the Union Bank, it was thought 
advisable that an investment should be made, and accordingly £1100 
Norfolk Debenture Stock, bearing 4 per cent, interest, was purchased. 
During the recess the Stephenson and the Miller bequests of £2000 and 
£3000 respectively had been received. Thus, the fimded property of the 
Institution now amounted to upwards of £12,000, in addition to which 
there was a further sum of £2000 to be received under the will of the 
late Mr. Joseph Miller, in which a relative had' a life interest. 

It was thought that so munificent a benefactor as Mr. Miller deserved 
some memorial, and it was considered that none more appropriate could 
be devised than a portrait to be placed on the walls of the meeting- room. 
Hie council had confided the task to Mr. Boxall, A.R.A., who would, it 
was presumed, produce a good picture of their late member. 

In conclnsion, it was observed that the steady progress which had 
marked the career of th) Institution from its conunencement, and the 
eftlmation in which it was held both at home and abroad, should induce 
the members of all classes, by unanimity and energy, and by earnest oo- 
opemtion, to study to maiatain its high reputation, and to increase its 
^fehsre of wefulness. 



ELECTRO-BLOCK PRINTING.^ 
By H. G. CoLUNa 

In noticing my inventions commonly known as "Collins* 
Patents,** and now being worked by the Electro Printing-block 
Company, it will be useless to discuss the advantages derivable 
from any means of producing or reproducing cheap illustrations; 
their necessity is universally acknowledged, and is becoming 
daily more apparent, and any invention which claims to facilitate 
this object requires no apology for its introduction to the public. 

My first patent, dated the 5th March, 1858, is, to use the 
words cff the specification, for "An improved mode of obtaining 
impressioms on an enlarged or diminished scale from engraved 
plates or other printing surfaces.** I will first describe the 
method of enlarging. 

I take my subject, which may be a printing surface of any 
description, either a woodcut, a steel or copper plate engraving, 
a stereotype or electrotype block, or a lithographic stone, and, in 
fsLCt, any surface capable of giving ofif an impression; and then on 
a sheet of vulcanised india-rubber, covered with a composition 
possessing equal elasticity, and of a non-porous character, I take 
the impression in transfer ink: if from stone, at the lithographic 
press; if from steel or copper plate, nt tlie copper-plate press; and 
if from surface-block or type, at the type press. I then punch 
small holes at equal distances (generally |-inch) round the rubber, 
into all of which I insert hooks of the same size. I connect them 
by means of four bars passied through the body of these hooks, and 
thus the sheet is ready for the expanding machine. This con- 
sists of two parts, the table and the screw. The table is com- 
posed of slate, perfectly even, and mathematically true; round it 
is a sort of raised shelf for the four bars before mentioned to 
rest upon, and is divided into inches, half-inches, quarter-inches, 
and eighths. I place the sheet of rubber, with the hooks and 
bars round it, square upon the frame, then take the sci-ew, and 
after duly fixing it, I extend the rubber equally in all directions 
till it assumes the required size. I test the accuracy of the 
extension, from time to time during the operation, by measuring 
the distances between different marks printed on the sheet for 
that purpose when in an unextended state, and I adjust the 
tension until I find that the distances have all been increased in 
the same ratio. The impression on the rubber being thus en- 
larged, I transfer it to a prepared surface of stone or metal, 
which is then printed in the usual mode of litho or zinco-graphy. 
When the amount of extension required is greater than can be 
well obtained at one operation, which is generally limited to 
four times the area, it is only necessary to repeat the process. 

For reducing, the operation k simply reversed. I extend the 
rubber first to the original size of the work to be reduced, then 
take the impression; after which I release the sheet from tlie 
tension, which then necessarily assumes its original dimensions; 
it is then put upon stone or metal, as before described, in the 
same manner as the enlarged subject, and printed in the usual 
way. 

It is as well to mention that the india-rubber, in order to extend 
equally, must be made of an uniform substance in every part, for 
the old axiom must here prove true — that the same thing under 
the same circumstances must always produce the same result; and 
it will be obvious that the slightest variation in this particular 
would materially detract from the perfection of the process; for 
if any portion should be thinner than the general character of 
the sheet, that portion must of necessity possess greater yielding 
power than the remainder, and thus produce an inequality, and a 
consequent error in its mathematical proportions; and although 
this slight difference might not signify for ordinary works, such 
as landscapes, or general illustrations, it would totally preclude 
the adoption of my invention for maps and plans, or any matter 
where accurate scale would be indispensable. This perfection in 
the rubber has not been obtained without great cost of anxiety, 
time, and money, as in my first steps I was not sufficiently ac- 
quainted with the wonderful mysteries of its nature, and conse- 
quently was unable to furnish the manufacturers with all the 
conditions required, the knowledge of which has only been 
obtained from pure experiment and closely calculated results; 
and I am happy to say that at length all these difficulties have, 
through the kindness and assistance of the various india-rubber 
manufacturers, especially Messrs. Silver, of Silvertown, been 
entirely surmounted. 

With respect to the composition with which I coat the face 

* AlM^ract of a papar read before the Society of Acts. 
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of theabeeti I may mention that without it tBe rubber would 
not give off the impression to the stone: in &ct the ink would be 
entirely absorbed. It is simply a transfer surface, involving the 
one ueceasary coo Jit ion of equal tension with the rubber, or it 
would crack when extended, and destroy the picture. It is com- 
po3ed generally of flour, treacle, sttirch, whit© lead, and gelatine, 
and when reduced to the consistency of cream is applied with a 
brash, and allowed to become quite dry before being used. 

It was offered as a suggeation, whether the usefulness of the 
lUveotioD would oot be materially increaseii were I able to obtain 
the enlarged or reduced impn^ssions ou surface blocks to prmt at 
the type press. Producing them on atone was nut all that could 
be wished; for, where a great number of copies are required, the 
expense and tedioudnesa of working from lithography would in 
many cases be an iDsunnoantable difficulty. After a series of 
experiments I succeeded in this respect, aud hence my second 
patent, dated October 2, 1858. This invention has for its object 
improvements in the production of blocks or surfaces to be used in 
printing. For these purposes the drawing or device is obtained 
on a block or surface to be used in printing from a drawing or 
device on a lithographic atone or other surface, whether the 
same has been proeJuced thereon by hand, transferred, or other- 
wise^ by Bubjeetiiig the drawing or device ou tbe lithograplnc 
stone or other surface to a series of processes similj^r to thnt in 
which a lithogi-aphic stone is iuked when about to be priated 
from in the ordinary way, but the ink <ir composition used is to 
be mixed with suitable driers, so that each succeediug coating of 
the composition msiy quickly dry or set before the next coating is 
applied. By thes^e means the lines and parts constituting the 
drawing or device on the stone or other surface, which would be 
inked and printed from if used in the onlinary raaoner, become 
more and more built up or raised; aud when such raising has 
been sufficiently accomplished, a cast in wax or other suitable 
material is taken, from which an electrotype is obtained, as is weU 
understood, 

I do not, however, confine myself to this metho<l ; much depends 
on the character and quality of the work. In many cases, after 
obtaining the transfer on atone or zinc, instead of building up 
the picture by successive rollings, I eat away the surrounding 
part by acid, taking care that the transfer is 'made in ink that 
will resist the action of acid and of the galvanic battery, or that 
it be rolled up with a varnish possessing the same qualities. For 
fine work this second method is much more satisfacttiry. 

This is the modus operandi of ray process for enlarging and 
dimiaishing maps, [ilans, and engravings on to the stone, and 
likewise for making surface blocks therefrom. The manipulation 
is easy and devoid of all intricacies, when once practically under- 
stood. From these two patents have sprung several valuable 
adjuncts. The fii-st, and perhaps moat imfjortant^ is the produc- 
tion of the electrf>type block from the artist's original drawing 
without the aid of the engraver, I simply require the artist to 
make his sketch on trfinsfer paper in transfer ink, or if he pi-efer 
itj iu transfer ink upon a grained metal pilate; aud this, when 
delivered into my hands, I roll up with the aeid-resistiug compo- 
sition, and then submit io the process before described for 
making surface blocks from the lithographic stone. 

I have also succaeded in making tmnafera on to stone from 
most old prints and tyjiography, which may be enlarged or 
reduced to any size, and made generally into electrotype bltjcks. 

Photography and many other valuable processes in connection 
with the illustrative art are now engaging my attention, aud I 
have no doubt that in a short time I shall be able to produce 
an electrotype block from a photograph m the coume of a few 
hours. 



THE METROPOLITAN RAILWAY. 
This engineering work, which is now making great progress, 
has hitherto been erroneously designated by the press the 
** Underground Railway," by which terra it might be understood 
that the line, when completed, would be almost a continuous 
tun u el from end to end. This, however, will oot be the case ; 
for in all caaes where old property has been purchased lor the 
formation of the railway, there will be open cuttings, and where 
th« stations occur, they ai'e planned, with their various platform?, 
to be perfectly open to the daylight, and in many instances their 
lower level will not be more than 20 feet below the surface of 
tlie present roadways, and thus the whole line will be effectually 
%'entilated. 



This line commences at the Great Western Hallway terminneL 
Faddingtou ; and will end at Fiusbury-circus, Citj, the total 
distance being 4| miles. There will be six intermediate stations;, 
yiz.f at the Edge ware-road, Baker-street, Portland -roati, Gower- 
street (for Eustun-sriuare), King's-cross, and Smithtield. The 
distances between the first three stations will be about half-a- 
mile in each case; from the Portland-road station to that in 
Gower-llreet, three-eighths of a mile; from thence to King^s-cross, 
three-quarters of a mile; from this to Smithtteld, Ij mile; and 
from Smithfield to Finsbury-circus, five-eighths of a mile. The 
stations will be aubatautial,. h.^ndsorae buildings, in the Italian 
St vie. The platforms will average 200 feet in length, and 10 feet 
in width. These platforms will be protected overhead by seg- 
menrjilly formed arches of brickwork, while the tunnelled portions 
of the line will be roofed by arched work of elliptical section^ 
28 fl. 6 in. in span^ constructed of six 4i-ineh rings of brickwork, 
set in hydraulic lime, aud Portland cement where required. 

As would be expecte<l in the formation of a i-ailway through 
a large inhabited city, great difficulties of a constructive uhture 
have occurred, which, however, as far as our observation has 
gone, have been suooessfully com batted by the engineer. The 
contractors are Mr, John Jay and Me.^sra. Smith and Knight, 
the former having undertaken the distance from Euston-squaro 
to the termini at Smithfield and Finsbury-circus, and the latter 
the portion from Paddiugton to Euston-scjuare, 

The diihculties to which we refer consist principally in the 
formation of good foundations, the obstructions caused by 
sewers, drains, water-pipes, gas-mains, &c., which have been 
dealt with specially according to the circumstances as they oc- 
curred. Some of the sewers have been carried over the line in 
tubes, others under the line, aud some are diverted. Generally, 
however, as fur as this portion of the work bus proceeded, the 
sewerage will be much improved. The whole of this department 
of the work is examined by, and executed to the satisfaction of, 
the General and Local Boards of Works. 

In the formation of the foundations for the line at the west- 
end, yellow clay occurred in great quantities near the surface, 
then travel more or less fine, afterwards fine yellow sand, with a 
considenible quantity of water, and at the lower stmtum blue 
clay. At the east-end the stratum is nearly all London clay, 
intermingled with the usual layers of cement stone, very little 
water occurring. The change in the character of the strat^i takes 
place aljout Eu.ston-8ouare. Concrete is used to a certain extent 
in the formzitiou of the foundationf), and the rails and slee|3era 
will rest on gravel balhist. The permanent way will be con- 
structed of the mixed gauge, to take either broad or narrow 
gauge rolling stock; the rails, which will be of a similar cha- 
racter to those on the Great Western Baiiway, will rest on 
longitudinal sleepers. 

In the words of a contemporary, "the Metropolitan Hallway 
will form a direct passenger, goods, and parcel communication 
from Pftddingtou to the City, and no doubt when fully in opem- 
tiou will ultimately vevy much relieve the street trattic of omni- 
buses, cabs, rail way- vans, and other vehicles, that at present 
in a great measure choke up Oxford-street, Hoi born, Newgate- 
street, Cheapside, and the Poultry." 

The works were commenced in January last, and it is calcn- 
lated that the line will be opened in the spring of 1862. The 
cost per mile will be about .£2,00,000. The engineer- in -chief is 
Mr. Ji)hn Fowler, F.H.S., and Mr. T* Marr Johnson is the resi- 
dent engineer. 



BEVIEWB. 

The Elements ofMeehanUm : designed for tlw Uw of Student ft of 

Applied Mechanics. By T. M Goodeve, M.A., Professor of 

Natural Philosophy in King's College, London. Longman. 

1860. 

This work is an elementary text-book of the principles of mecha^ 

nism, and contains a very large number of examples of mechanical 

contrivances, exceedingly well illustrated and aescribed. In the 

perusal of Mr. Goodeve's treatise we have been frequently sti-uck 

by the skilful arrangement of the diagrams, and the apt words by 

which he \ui& contrived to make clear the operntioaa of conqilex 

mechanism. The reader who is fond of mechanical contrivanoea 

will find abundant opportunity of gratifying his taste in these 

pages. For our own part, the perusal of them has frequently 

excited a feeling of wonder at the apparently unlimited means of 
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▼aryiDg motion in almost every conceivable way. It is almost 
impossible to select instances, so multifarious are the contents of 
this work; but we may perhaps, without injustice to the author, 
mention the accounts of the conical pendulum of Siemens, the 
use of the ratchet in sawing machinery, and the friction drilling 
machine of Mr. Whitworth, amonff the more interesting subjects 
of this book. The mathematical investigations are few and 
studiously simple; among them, the investigation of Watt's cele- 
brated parallel motion is as clear and satisfactory as any we have 
ever seen. 

Perhaps the descriptions are occasionally too brief. The work 
18 evidently designed with a view to portions of it being written 
out by students in examinations; the stvle is accordingly ex- 
tremely concise, and the work requires to be read very carefully 
to be understood. We should have been pleased also to have seen 
more frequent notice of the history of the progress of the science 
of mechanism. For instance, in describing such contrivances as 
Hooke's joint, Wattes parallel motion, or Lord Stanhope's system 
of levers for the printing-press, it would add to the interest 
(and as we believe to the value) of the work to refer briefly 
to the dates and circumstances of those inventions, the manner 
in which they were published to the world, the degree of 
improvement which they effected, and (where the case admits of 
it) the nature of the successive developments of the inventions, 
and their latest improvements. Another suggestion which we 
offer for a new edition is the addition of a orief preliminary 
account of what has been well called the science of '^ kinematics," 
which is an equivalent term for Mr. Goodeve's "geometry of 
motion," and investigates the relative motions of different parts 
of machinery due to their form, apart from physical considera- 
tions. It seems rather hard on the student to require him to 
master investigations of the relative linear velocities of the parts 
of a cam (Art. 17), or the relative angular velocities of the parts 
of contrivance for converting circular into reciprocating motion 
(Art. 46), without first defining linear velocity and angular 
velocity. 

It is one of the great merits of Mr. Goodeve's work that its 
descriptions include mechanical inventions of all ages, from the 
contrivance of the early Greek astronomers to represent the 
moon's motion, to the latest improvements in the printing-press, 
boring machine, spinning machinery, and steam-engine. It 
would be a charity to the numerous tribe of inventors who waste 
their time and money in re-inventing the same mechanical con- 
trivances over and over again, if they could be compelled to 
study this work. They would learn that the science of mecha- 
nism, like other sciences, as it progresses becomes more and more 
exact, and therefore that its development is continually less and 
less dependent on the isolated efforts of inventors, however 
ingenious, who are ignorant of the existing state of the science. 



On Heatf in its relations^ to Water and Steam: embracing new 
viewt of Vaporisation, Condensation, and Explosions. By 
Chas Wye Williams, A.I.C.E. — London: Longman. 1860. 
[Second notice.] 

The first secti(m of this book treats of the three different states 
of water. The author, in entering upon the interesting subject 
of heat in its relation to water and steam, endeavours to ilefine 
briefly but clearly the chemical, physical, and dynamical pro- 
perties of those liquids. The conditions in which we find water 
are three, viz — the solid, as ice; the liquid, as water; the gaseous, 
or aeriform, as vapour or steam. The chemical constituents of 
water in these three different states are the same, with the excep- 
tion of the ingredient heat, which varies in quantity. This 
eouality however does not prevail with regard to their respective 
pnysical and dynamical properties. In its solid state we observe 
a close adherence and immobility of the particles with respect 
to each other: in the liquid state, although the different particles 
exercise a strong attraction towards each other, the cohesive 
power is resolved, and immobility of the atoms with respect to 
each other is changed to mobility. In both the above cases, the 
particles as well as the whole mass is subject to the force of gra- 
vity. In the third or gaseous state, however, properties of quite 
an opposite character to those of the former, make their appear- 
ance. The particles or atoms do no longer cohere nor attract 
each other, but display a general tendency of repulsion or diver- 
gence. They no longer obey the power of gravity, but that of 
elasticity, a force dependent on and originating with their change 
to the state in question; This feature is peculiar to all elastic 



fluids, and in fiict distinguishes them from liquids in any other 
state. It forms the ground of inquiries of the most extensive 
character, and has given rise to investigations of the properties 
of the elastic fluid — Steam. 

It is to the properties and changes attending the generation of 
steam by the application of heat to water that Mr. Wye Williams 
has devoted the greater share of those experimental researches 
in which hia book abounds, and which were undertaken by him 
with the view of elucidating that which has hitherto been either 
doubtful or inadoiissable under the head of established laws. 
To enable the reader to judge for himself of these valuable eluci- 
dations, we shall extract a few passages and experiments especi- 
ally interesting and originaL 

Mr. Williams, in directing his attention to the phenomena of 
Yaporisation, raises the following questions, to which, as he says, 
no writer as yet has given satisfactory answers: — 

"Ist, What is vapour? 2nd, How and where is it formed? 3rd, 
What are its special properties? 4th, In what does it differ physically 
and dynamically from water? 5th, What are the relative proportions of 
latent and sensible heat in either? 6th, What relation has it to elec- 
tricity ? 

All assume that the statements of those who profess to have examined 
the subject were based on well-defined and accurate experiments. The 
various modes, however, in which the process, and even the term vapori- 
sation has been described, have in no small degree complicated the sub- 
ject, and manifestly suggest the necessity for furUier inquiry. Had writers 
concurred in adopting any one theory of vaporisation there would have 
been less room for misgivings. When however we find scarcely any two 
agreeing, even on elementary points, this alone is sufficient to raise 
serious doubts as to whether any have given a true account of the 
process. 

Strictly speaking, vaporisation means the single process of converting 
atoms of a liquid into those of vapour. Numerous instances might 
here be given, not oidy of the misapplication, both of the term and the 
process, but of the confounding it with others; in particular, wdth that 
of evaporation. Turner says, * Vaporisation is conveniently studied 
under two heads— ebullition and evaporation. In the first, the produc- 
tion of vapour is so rapid that its escape g^ves rise to visible conmiotion 
in the liquid; in the second, it passes off quietly.* 

That vaporisation cannot be studied under either head is evident, 
seeing that vapour may be formed without ebullition or any visible 
commotion whatever; and as to rapidity — that being solely determined 
by the rate at which heat is absorbed by the hquid — as much vapour 
will be generated, in any given *time, by the same (quantity of heat, 
whether with or without ebuUition. In contradiction to this statement 
then, it may, in limine^ be broadly said, that neither ebullition nor eva- 
poration have any immediate connection with vaporisation."' 

Vaporisation of a mass of water by heat may be effected in 
two ways. The one by bringing the heat in contact with the 
surface, and the other by applying the heat at the bottom of the 
body of water. In order to illustrate the process of vaporisation 
in ite simplest form, Mr. Williams gives the following illustrative 
experiments: — 

* 'Let a o, fig. 1 , represent the surface-stratum of the water in a glass beaker. 
Fio. 1. Fia. 2. 
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Here each atom is necessarily in absolute contact with the air above it, 
and held in its position by the mere force of gravity and attraction to its 
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fellow atcrauL Let 6 repreeeiit one of iheAe atomi, after havrng re^^ived 
ita compleiiicot oi heat, and, becoming vapour, rising in the air aa a 
baUoou from tbe ground. Ita voluma in thia caae wul continue to be 
eoJaJigcd as it aaofinda, and m tho baUoon would, in the ratio of the 
dimimahing density and proature of the atmosphere in the upper regions.* 

In fig. 2 let, a' a* roprosent the carp«t-&tntitum of liquid atowa, and b' 
one of them, on becoming vapour n»mg to the surf ace an a oork would — 
ita volume being enlarged under the inluerioe and in the inTone ratio of 
the denuty and presnire of the liquid medium through which it had to 
JMMB. It will now be seen that it could only be on reaching tho surface 
that it woaM be in a poflition corresponding with b in fig. 1, and be 
enabled to develop its full volume. 

The ratio of the enlargement of the atom h*, fig. % while in the water, 
may approximately be estimated by referenoe to the gross enlargement 
of the mass. Dr. Ore estimates this at 1-2 5th of its liquid volume. 
Dalton*s calculation i^pvea a less increase. 

Having oonsidert^i the procesB m regards mdividual atoms, let us now 
examine it in reference to the severafsucoeeding strata, rising fnjm the 
bottom as they suocewiwly beoome vaporised. These carpetstrata 
cannot rise in unbroken mauei, as a carpet would froru the Hoor, seeing 
that no atom can rise^ mero mo/u, bnt only as contiguous and heavier 
atoms take their place, and force them npwaids, as Dr. Ure expresaes it. 
The necessary refult is that each of these lower strata breaks into sec- 
tiani, and rises in detached portions and forms. This is fully oorroW 
rated by their appeanuioe as seen rlaing through tho water, if looked at 
across tiie light, or when a lighted taper is observed through the mass. 
At flwt^ wave-Uke forms will l>e pejrceived moving across the bottom, 
and then rising through the body of the water with a doud4ike appear- 
anoe^ as in fig. 3. These will continue visible until the agitation, caused 
by ebuHiticjn, disturbs tho uniformity of their mution. They may, how- 
ever, be distinguished, even afttr 212° has been reached, if the process 
be carried on gradually and v^ithout ebullition, or internal commotion, as 
win hereafter be described. 

It is here worthy of note, and in proof of the neoeasity of further 
inquiry, that these movements, although »o palpable and suggestive, do 
not appear to have been recorded, or even noticed by any of the 
mmieroua ex|»enmeoters from Bhwjk or Leslie down to the present time. 
Several other important but hitherto unnotioed movements wiU hereafter 
be pointed out. 

The first tangible proof we have of the formation and absolute ejast* 
enca of vapour wUl be its appearance above the surface. The new-formed 
vapour having passed upwards through the liquid mass, whatever may 
1)0 its depth, may be caught and cuudensed on a mirror or ctial glass* 
i A little cold water placed in the dial will prevent its becoming h^ted, 
aud thus favour the condensation.) ^ 

While the vapour continues to rise and escape Into the air» we abo 
find the tompcrature in the mass izicai^asmg so uniformly as to justify the 
inlerenoe of its diffusion under the Di^tonian taw. 

Attempts were made, by the aid of an experienoed optician, to have 
those cbady vaporous forms magnified and projected against a large 
surface by the magic lanthom; they were, however, found to be so 
transparent that the object was defeated. Their visibility was a mere 
optical effect arisintf from the dlferent densitlea of the vaporous cloud 
and that of the colder water, the rays of the light being refracted from 
their upper convex surfaces. ^^ 

As B, proof of the rapid formation of vapour the author givea 
the following Illustration^ which may be ea3ily exemplified by 
actual experiment. If heat be applied to a ghiaa beaker tilled 
with a c**rtaiD qastntity of water, vaporisation will be goitig for- 
ward. In fvMer therefore to determine approximatively its ex* 
tent, Mr, Williama places a concave glass cup filled with cold 
water upon the top of the beaker. As soon as vaponaattou has 
oommenoed the cloud-like vapours, as they disengage themselves 
from the mass of water from which thi'y are generated, will be 
seen almost immediately to be condeosed, ana in the shape of 
drops on the underaide of the dish or cup, from which they will 
finally again drop down into the water below. To illustrate still 
further the elfect of vaporisation and the homogeneous tempera- 
ture of ita action, a second dish or cup, but of a lesser concavity, 
may be placed over the first one, wlien a double process of vapo- 
risation, but with equal rapidity, will be observed. The cold 
water in the lower cup will astfiinie the same temperature aa that 
due to the vapours issuing from the larger body of water iu the 
beaker beueath It; and vaponsation will Uike place in a aimilar 
way, which may be observed by the formation of condensed 
vapours on the underside of the upper glass dish. 

Before concluding the chapter on vaptnnsation, the author 
adduces further proofei that it is vapour, and not heated wttter^ 
that is seen rising through the water; and proves further by 
a simple experiment the diSfuaion of vapours through a large 
flpftoe^ but generated in a short time. The next section treata of 

* J^ dndo h ^%ffi repressots, not tllo stara lUeU; btii ibe range oi ths repeUeiii 
iiriMROS it sxwts* 



The diffusion of txipour and other elaMie ftuide. — Before Mr, 
Williama proceeds to any experiments ex plaining these propertiea 
of vapour, he deems it neorasary to give the student a correct 
view of the principles which infiuence the different processes in 
connection with the communication of heat to water, and its 
results. He explains in an excellent manner how far we are 
justified iu calling the vapours of water an elastic fluid in the 
ordinary acceptance of the term elasticity. The analogy between 
vapours and other elastic fluids, their expansive propeities, and 
the mutual repulsion of their particles, is here at great length 
discussed. While on these questions, and on the nature <>f mixed 
gases f Mr. Williama does not omit to acquaint ua with the views 
of other experi mental iats on the phenomena of the diffusion of 
vapours^ phenomena which have required the rigid inquiry of 
the most gifted men for their solution. It was reserved for DaJton 
to solve their true nature. Dr. Henry,, his biographer, says:^ 

" It la impossible to peruse the essay on the oonstitution of mixed 
gases, and especially to contemplate the plate by which it is illustrated, 
without perceiving that meditation on the oonstitution of homogeneotia 
and mixed clastic fluid j had impresseil his mind with a distinct piotors 
of seU-repeUant particluH or at:ims. Thus he ailrmed that homogeneous 
elastic fluids are constnicted of particles that repel each other with a 
force decreasing directly as the distance of their oentrea from each other, 
and as a necessary sequence that the distances of the centres of their 
particles, or which is the same thing, the diametera of the spheres of 
mfluenco of each particle, are inversely as the cube roots of the deoaify 
of the fluids.'* 

In these words, then, we find established the separate identities 
of the vapour atoms, while in the water, which act but aa a liquid 
atmosphere for their diffusion. A right undersUndin^ on this 
bead la of the List Importanoe as furnishing a key t^) tne many 
disputed and doubtful points which still embarrass the aubject. 
For the ocular demonstration of the repulsion and diffusion of 
vapours, Mr. Williams gives a aeries of^ those dbgrams descrip- 
tive of the self-repellant particles or atoms which have been so 
ingeniously delineated by Dalton. 

The heating and expanding of water is the next subject taken 
under consideration. la water incompressible? The tueory pro- 
mulgated by modern writers on the subject m^ that water expands 
bv heat being oommunleated to it, and admits of a dilation of an 
almost infinite degree, whilst the compression of which thia liquid 
is susceptible is fo little that water may be said to l>e incom- 
pressible. It is a well-known law of nature that all solid bodies 
expand by an increase of heat being imparted to them, and con- 
tract as the heat is withdrawn or diminislied. The force with 
which thia alteration iu bulk takes place Is inferred to be the 
same, but of an opposite character, to that wliich is necessary to 
destroy the relation between the different particles or atoms. 
Thus, a solid would dilate by the influence of temperature with 
the same force with which it would resist compression; and 
again, the same bo<ly would contract with a force necessary to 
tear it asunder by tension. On this Mr, Williams remarks:— 

*' This oorrespondenoe in force being a general law of nature must be 
applicable to all iKxlles ; and what are the elementaxy constituents of a 
liquid hut bodies subject to such general law? 

Dilatation and compression are treated as being reciprocal and prch 

Sortiouate. Yet see how a positive law in physioa maybe rendered 
oubtful or negative when applied to Hquids, — an arbitrary application 
being resorted to in order to satisfy this tliixiry of expansion, namely, 
* The force with which liquida dilate is equivalent to that with which 
they would resist compretsion; and as liquiids are nearly inoompresaiblfl^ 
this force is very considerable.* But why not apply the same teams, and 
draw tlie same cmiclusions in both cases, namely, that as Hquids are 
nearly incompressible they must necessarily be nearly inexpansihle ! 
Prof. Graham observes: — 'Regnault has recently determined the com- 
pressibility bnth of water and mercury with gre»at care, and estimates 
thf? compression of mercury for each atmosphere at 3'5-milIlonths of its 
bulk, whilst he found that of water to be equal to 47-mLllJoiiths ol ita 
bulk.* 

By the above dictum tt is acuffht to be inferred that the resistance to 
expansion or dilatation, as regai^ liquids, is not commensurate to that 
of compression; in a word, that action and reaction are, in this case, 
not emud and opponte. We shall, however, find more hafmonj in 
naturea hum. 

If these hquids then be incomprcssihle, part roHone, they must be in- 
expansible ; for if the resistance to compression cannot be overcome, 
neither can the resistance to expansion or dtlatadon." 

Mr. Williams next considers the influence of conductibiiUif and 
nom-c&nductibUity on the heating and expanaion of water. He 
points oat with great clearness the oversights and errors com- 
mitted by writers on this question, Hd oonvincet us of tho 
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mlniitorpKeUftioii of the experiments ondertakeQ by them with 
the object of arriving at a conviction, and proves that diffusion 
of heat in a liquid cannot be effected by circulation of the par- 
tides, or descendinff currents, before ebullition has taken place, 
as has been assertea by others, and sought to be established by 
an experiment in whidi the motion of partides of a lieht and 
insolaole powder, as amber, which had been deposited at the 
bolton^ of a vessel filled with water, were supposed to indicate 
the descending currents, or the circulation of the particles of the 
water, by which the former were set in motion. That these 
lighter particles of a solid substance, however, are merdy made 
to ascend by the vapours which move from the bottom of the 
water upwsrds, ana to descend by their own gravitation, has 
been fully shown by Mr. Williams. 

With respect to the descending or downward action of vapours, 
and the non-eondnetibility of water, and that the former, not the 
latter pr oper ty, is the only reason of its homogeneous tempera- 
iue, we quote the following experiment: — 

" A Isige blow pipe was applied to the flame of a gas burner by 

Heni|Mith*t apparatus. The flame was projected* against a beaker oi 

wUar, about two inches in dia- „ . 

* Fro. S. 



and made to spread 

the glass, as .shown in 
fig. S. EbiUlition soon took 
pkoe, and the mixed vi^ur and 
water were seen rolling over and 
<lesoending, as here shown. By 
dipping a thermometer into the 
water, the line of influence of the 
hot stratum at a was deariy visi- 
ble, mus line may also be seen. 
In a wave-like form, descending 
until it resBches the bottom. It 
is here advisable to cover the vessel partially, to prevent the too rapid 
esei^w of the vapour. This may be said to be the process by which 
the water in marine boilers becomes influenced throughout, and circulv 
tion effected, until ebullition has commenced, the mechanical force of 
which further promotes that circulation." 

{To be concluded in our next.) 




CoUinffM Gothie OmamenU. ColKnjf9 DetailM of Oothie Archi- 
tecture. London: J. B. Jobbins. 

We have before us the first numbers of the new editions of 
these works, which we are glad to see are about to be reproduced 
in their original serial form at short intervals. When they first 
appeared, our pages on several occasions noticed their excellence 
Md utility, and as they are still unsurpassed, and will always be 
valuable works of example and authority, we again recommend 
them to the notice, as deserving of attentive study, of the younger 
members of the architectural profession who may be unaoj^uainted 
with their contents, from their having been out of print for a 
considerable period. 

The whole of this encydopsedic collection of ornament and 
detail, and the beautiful coloured decoration given in the two 
works, are delineated to a good scale and from actual measure- 
ment, which drcumstance renders the plates, some 400 in number, 
especially valuable. 

DISTURBANCES OP THE BAROMETRICAL COLUMN 
AT CERTAIN SEASONS OF THE YEAR 
At a recent meeting of the Literary and Philosophical 
Soqety Mr. Atkinson read a paper on Barometrical Distur- 
bances, in which he stated his conviction that all the move- 
ments In the atmosphere of our earth which have received the 
designation of irr^/ular are caused by the reflected or radiated 
heat of the sun, and take place at a very moderate elevation. 
say within five or six miles of the general surfiice level; and 
that these apparently irregular movements or shifbings from 
place to place of lighter and heavier air, causing osdllations in 
the barometric column, are mainly, if not wholly due to irregu- 
larities of the earth's surface. Had our earth been a globe 
possessing a smooth surface of uniform texture and properties, 
it seems dear that the atmosphere would have been acted upon 
by the reflected and radiated heat of the sun, in a manner so 
much in accordance with a uniform sequence of phjrsical effects, 
that the periodic movements of the gases composing it would 
have been as regular as the planetary motions themselves. In 
the northern parts of our hemisphere, it appears by Mr. Bax- 
endell's paper, read before the Literary and Fhilosophical Society, 



on the 13th of October last, that the barometric oscillations are 
least in amount when the sun is on or near the equator. This 
fitct points to the inference that if the plane of the earth's orbit 
had coindded with the plane of its equator the disturbance of 
the barometric column would have been comparatively small and 
nearly uniform throughout the year. The coincidence of these 
two planes not existing, it is found that as the sun retreats 
from the equator towards the southern tropic, the sum of the 
oscillations of the mercury gradually increases for a considerable 
time, and then rapidly mounts up so fast as to form a prominence 
in Mr. Baxendell's curves resembling a mountain peak. This 
peak or summit of the " dynamical curve" occura above different 
points of its axis— that is, at diffnrent periods of time, according 
to some peculiarity in the position different from the latitude or 
the longitude of the locality from which the data for construct- 
ing the curves were derived. 

Speaking of the northern hemisphere, as the sun withdraws 
southward from the equator less or greater portions of the 
northern part of the ternujueous surfiuse becomes cooled down 
gradually to the freezing point, according to various peculiarities 
of substance— elevation above the searlevel, proximity to the 
open ocean, or to far-inland mountain ranges, and to other 
analogous causes. In similar latitudes, from the varying con- 
ditions just mentioned, there will exist, side by side, spots dif- 
fering, or having a tendency to differ verf much in temperature, 
and where consequently currents of mfferent density — set in 
motion by the constant struggle going on in the air to attain a 
state of equilibrium — will cause fre(}uent fluctuations in the 
barometer. These disturbing causes will, in any region, be much 
increased at the setting in of winter and the commencement of 
hard frost ; for at tliis crisis a large amount of latent heat wUl be 
liberated, and will contribute its influence to disturb the equili- 
brium of the air. A similar crisis will occur at the end of 
winter on the breaking up of the frost, and will necessarily be 
attended with similar results. As the. times of these crises 
appear to correspond in a remarkable manner with the times of 
maximum disturbance of the barometrical column, it seems but 
fair to infer that a relation exists between the causes here stated 
to be in operation, at the critical periods just named, and the 
periodical aisturbance of the mercury in the barometer indicated 
by Mr. Baxendell's '* dynamical curves." The correctness of this 
inference, or the contrary, can only be established by future 
observation of phenomena, and the collection of facts, many of 
them of a kind seldom thought of hitherto as constituting elemei)ts 
for the solution of problems in meteorology. 



METROPOLITAN INTERCOURSE. 

It may be as well for the public that, through the City at 
least, the omnibus tram-lines have been for a time postponed by 
the passing of a resolution at Guildhall (Court of Sewers), on the 
4th ult., to take the subject "into consideration that day six 
months;" such project, for which the majority of the now crowded 
thoroughfares are too narrow, would only take the attention from 
the more legitimate modes of relieving them. Among these we 
reckon — 6 rst, the Thames embankment, which we trust, 
through the sensible and business-like report of the parlia- 
mentary committee, is likely to be put forward in a manner that, 
besides ffreatly beautifying, must confer a benefit on the metro- 
polis and its inhabitants for ages to come. 

The embankment could be executed down-stream, beginning 
at Millbank; every length, then, inside one rauffe of floated and 
ballasted caissons or crib-coffera (as firat used perhaps half a 
century since) could be completed, the embankment, with the 
esplanade drive upon it, — at least so far as rou^hin^^ out the tide 
docks, and taking advantage of the necessary junctions with the 
streets forming headings to the docks, each length could be made 
available to the public. The coffera made in lengths could be 
ioined by X termmals trenailed together, forming puddle-chambers 
below low- water line, but above which they could be caulked: to 
secure them in their position, besides the permanent ballasting, 
which, with the water to }fe admitted when duly ranged, wouul 
sink them, they could be secured at certain distances by an occa- 
sional pile driven into the bed of the river on their line, with 
counter or stream piles, outside which would act as "fenders^" 
and to which struts or braces should be attached. These stream 
piles and the othen could easily be drawn or cross-cut level 
with the bed of the river on the removal of eadi coffer length. 
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and the trenails in the I junctions could be driven back from 
the inside. Three working lengths of coffering should always be 
in progress. The first formed to be in occupation by the masons, 
the second to be nearly ready for them to come to work within, 
and a third to occupy the pioneer hands, so that the whole work 
should proceed with the strictest order, and yet be carried on 
with all possible rapidity. While the embimkment, esplanade, 
and docks would be thus working down-stream, affording great 
facility to the subsequent formation of the intercepting sewers, 
the sewers themselves might progress up-stream from below 
on both sides of the river, and thus not only the four terminals 
might be kept approaching each other, but in sundry places, as 
means and convenience might admit, other, even detached por- 
tions of the embankment and esplanade might be laid off and- 
proceeded with, should hands to press forward the work freely 
offer. It is not likely however that more than one-half of the 
future breadth of the esplanade, with a wide footway next the 
river wall, could be made available at first on the down-stream 
working, until the excavation bjr the intercepting sewers would 
furnish the remainder of the solid filling required, between the 
arched entrances into the docks, but the parts worked un 
from below against the stream should be completed off-hand 
the full breadth, all deficiency of filling to be supplied by land 
or water from such places as might then offer. 

The second most important work of the kind, as nearest in 
connection with the City, we may reckon " The Charing-cross 
and Bank Junction," or twice across the Thames, which has been 
called the T T Railway. The promoters of this line, availing- 
themselves of the facility for tying their rail with the heart of 
the City, have taken the necessary measures for obtaining an act 
of parliament, in the ensuing session, to enable them to make 
their invaluable extension. 

At the Surrey side there may be said to exist no difficulty that 
cannot be easily got over. On the high level the railway, with 
common prudence, must be run. The river might be advan- 
tageously crossed to or opposite Cousin's-lane Stairs; and by re- 
moving the block of stores of an inferior class standing between 
that lane and Dowgate, an ample opening would be obtained, not 
only for even a double line of niilway, to be run on arches over 
two stories of warehouses and places of business, but for an 
excellent street, to be continued by the purchase of the west side 
of Walbrook the whole way, and so widening opposite the St 
Stephen's Church of Sir Christopher Wren. 

The rents of the lettings under the railway, with such an im- 
proved streetway in front of them, would probably pay the entire 
purchase-money; and a considerable further sum might bo ex- 
pected by a sale to the City, to render it free, of a toll- bridge for 
carriages and passengers, to be erected with, and be a part of, the 
railway bridge, which would thus relieve London -bridge, and be of 
immense advantage to the City, while the thoroughfare to 
be thus ci-eated would alone secure the rents of the lettings 
alluded to. 

The project third in importance, but for which we believe no 
step has been as yet taken to obtain an act of parliament, would 
be, as talked of in the West-end, a line of railway to connect the 
extreme north-west with the south-west of London, which might 
be called the Paddington to Pimlico Railway. 

Proceeding from Battersea railway-bridge on the high level, 
it would probably pass at a convenient height over the streets 
immediately south of Sloane-square, near to Bronipton-crescent, 
and at either side of the South Kensington Museum (with the 
Brompton station there); but as there is a rise of 40 feet from tho 
Brompton-crescent to the Kensington-road, a deep cutting might 
commence between, so as to pass the railway at a very ejisy 
ascending inclination under the Kensington-road, Rotten-row, 
and the Serpentine water, with probably a shaft carried up, 
through a hollow and well-shrubbed island, for light and venti- 
lation. It might then pass under the Ring-road and Kensington- 
garden fence, under the west side of Sussex-souare to the Pad- 
dington Station, and, passing up its east sine, might form a 
junction with the Metropolitan Railway now in progress from 
Paddington, by Kiug's-cross, to Finsbury-circus. The only in- 
convenience or delay that could arise? would be but trivial, viz., 
the backina; from Battersea-bridge of the down trains into the 
Victoria (Westminster) Station, but which, from the peculiar 
circumstances of level, the safety of the public would require, 
as well as, perhaos, an improvement of that junction by an alte- 
ration in the old Grosvenor Canal-bridges, under which the line 
runs, and raising of the rail bo as to obviate the present inconve- 



niently-sudden, if not dangerous, dip the railway takes to enable 
the train to clear the soffits of the arches. 

The last, and by no means the leant important oommunication 
to be considered, is that over Blackfriars-bridge, and the pro- 
priety of sanctioning any attempt to replace the failing arch of 
that structure. As there is a rise of 16 feet in the roadway of 
the bridge, rendering it inconveniently sleep, the opportunity 
might be taken of getting rid of half the rise, and so giving the 
road an easy inclination. 

THE NEW GRAVING SLIP, CRONSTADT. 

A OORRESPONDENT, Writing from St. Peteraburg, informs us 
that the powerful gravingslip erected at Cronstadt for the Rus- 
sian government, by Mr. H. Grissell, of the Regent's Canal Iron- 
works, has just been brought to a successful completion. 

The dock or slip has a rising incline of 1 in 24 from the mole 
upwards, for a length of 800 feet. Six lines of irails, with a cen- 
tral rack for hauling, of immense solidity, are laid down to carry 
the cradle, which contains 200 tons of oak and iron in its con- 
struction. The chains with which the cradle is hauled up with 
its load, consisting, perhaps, of a ship of 2000 tons i*egister (for 
which it is calculated), consist of two distinct sets of alternate 
long and short links of rectangular section, each link containing 
in transverse section 10 inches of the best malleable iron. The 
holes for the connecting links are all accurately bored to a gauge, 
and the pins for the connection are of steel, turned expressly so 
as to fit with the greatest precision. The hydraulic apparatus 
patented some time since by Mr. Miller, of Glasgow, is employed 
as the moving power; it has a working stroke of 15 feet, con*es- 
pouding to the length of the winding-up chains, or traction bars. 
The ram has a diameter of 14 inches. 

The supply of water to the apparatus is obtained by three 
pumps, worked by a 40 horse-power horizontal engine, which 
also drives a horizontal capstan for the purpose of hauling up 
the empty cradle at a greater speed than could be obtained by 
the hydraulic apparatus. 

On completion, the cradle and machinery were subjected 'to a 
sevei-e trial by way of proving their efficiency, a 8})ecies of caisson 
being erected upon the cradle, and loaded with 1200 tons of 
ballfist. This load was lowered into the dock with the greatest 
facility, and drawn up again as a navvie would wheel a barrow. 
Our correspondent states that "not a screw was loose, and the 
links appeared to connect and disconnect themselves by some 
automatic pfocess." During the trial the ci'adle was brought to 
a stand to a sixteenth part of an inch. A series of trials were 
satisfactorily terminated by placing upon the cradle and hauling 
up, through ice three inches in thickness, the Vladimir, the 
well-known mail packet running between Cronstadt and Stettin, 
an iron paddle vessel of large size. 

The works have been carried out by Mr. Alfred Cooke, 
A.I.C.E., formerly resident engineer for the Crystal Palace, 
Sydenham, and who was also engineer, under Mr. Grissell, for 
the lighthouse erected in the Baltic, on the island of Seskar. 



Lubricator. — At a recent meeting of the Franklin Institute, 
Mr. J. E. Wootten exhibited a model of Andrtws and Carr*s 
patent lubricator for car journals or other end bearings. It con- 
sists in introducing the oil for lubrication into a chamber formed 
by boring a cylindric:il hole into the end of the axle, of a depth 
about equal to the' length of the journal. A small hole is bored 
from tho surface of the jt>nrnal to communicate with the chamber, 
and through this orifice the oil reaches the bearing. A tube for 
containing oil fills the chamber. Upon the insertion of this tube 
with its charge of oil, the chamber is closed by means of an 
annular screw-plug, in which is inserted a disc of plate glass, 
which serves the admirable pui*pose of affording an opportunity 
of observing at a glance what quantity of oil the chamber con- 
tains, and when the supply should be replenished. Experimental 
tests which have been made with this lubricator, show it to be 
very economical and efficient in its performance. 

COMPETITIONS. 

Designs are inrited, with estimate, for a oommodioas hotel, at Saltburn-by-tbe-Sea, 
in CIovelaDd, for the Stockt'in and DarliogtoD Bailway Compaur. Preiniauis, JCbO and 
£30. A aketch of the groand maj be obtained bj application at the railway office, 
Darlington. Designs to be sent in, with estimate, hj the Slnt iiiift. 

Plan* and estimates are required for the erection, at Bury .St. £JmuQd'«, of a new 
com exchani^, with butchem shambles. The materialrf to be iron and glass, as far as 
may be considered iwacticable for such a bnildini^. A ground plan of the site may be 
obtained on aopHcatiaii to the town clerk. Plans to be sent to William 8almou, towi) 
clerk, by the ioth iust. Premioms, 25 guineas and 10 guineas. 
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HISTOKY AND DESCRrpTIOy OF EL^ FLACE, 

HOLBORN. 

{With Engravings,) 

Kesumino the history of Ely Plnce, we note tbut Sir William 
Newport, Sir Christopher HaLttoD*B nephew^ and whi>a© sumatDe 
he adopted, became, ou his nude's decease, ppBaesBor of the 
€8tftte; and after his death, his .widow^ the historinaily well* 
known Lady EUztibeth Hut ton » after a leogthened rivaliy 
between her two aaiiorB, Lord Bacon and Sir Edward Coke, 
became the wife of the latter, for whom in time she enter- 
tained 80 deeply rooted an aversion that she finally refused 
him admission to ber house. Howell, the author of * Londi- 
nopolia,* states in one of his letters, that Count Gondomar, 
the Spanish ambassador^ toM the king that ** My Lady Hatton 
would nut suffer her husband, Sir Edward Coke, to come in at her 
fore-door, nor him (the Count) to go out at her back-doorf* this 
strange woman having refused Gondomar, who was her imme- 
diate neighbonr, a passage through her back-rate into the fields. 

It was about this time, i.e., in the reign of James L, that tlie 
last representation of a reli«fioua "mystery" in England took 
place at Ely House, on the night of a Good Friday, the subject 
being Christ's Passion; and thousands, it is said, were present 
In the succeeding reign of Charles L, the grand masque by the 
four Inna of C^urt, in which Whitelock, Hyde, and Seldon took 
part, wail arranged at Ely House. This perfonnanoe was a 
■^ecteB of preliminary reheansal to its performance before the 
kmg and queen at Whitehall, on Candlemas Day, 1634. The cost 
Oi Qm ma^ifioent pageant is said to have been ^£1,000. 

Ladj Elisabeth Hatton died on Jan, 3, 1646, having to the last 
resisted any reconciliation with her husband, and every attempt 
on the part of the Bishops of Ely to recover the property. During 
the period, i.e. from 1609 to 1619, that the good Bishop Lancelot 
Andrews, who was translated in 1619 to Winchester, held the see 
of Ely, some efforts had been made to redeem the mortgage, and 
the bishop expended j£2000 in repairing the portion that still re- 
mained unalienated. Bishop Matthew Wren (uncle of the gt*eat 
architect Sir Christopher Wren), who had been chaplain to 
Bishop Andrews, made an off^r of the money, and obtained 
judgment against Lady Elizabeth Hatton, but this decision waa 
made in adverse and troubled times — the Long Parliament held 
away, and Bishop Wren, a man of unshaken loyalty to the king^s 
e&use, who, with others of his episcopal brethren, had protested 
against their election from the Hooee of Lords, and ail proceed- 
iDga of the House during that exclusion, was in oonaequenoe 
impeached, and subeefiuently confined in the Tower for upwards 
of eighteen years. Meanwhile a resolution was passed which 
set forth that the estate of Lady Hatton, heing good in law, was 
not redeemable in equity, nor subject to the said pretended 
trust During the bishop's imprisonment the palace was dis* 
■untied, a great part pulled down, and the well-kuown garden 
became the aite of the present Hatton-garden; part of the palace 
and offices were used as a prison and hospital, so that on Bishop 
Wren's reinstatement in 1662, not only was the habitation en- 
tirely deflate, hot he had lost nearly all hope of ever being 
able to restore the palace to its original purpose. A Uw-suit 
was however oomraenced, which finally resulted in one of his 
soooeasors (Bishop Simon Patrick) consenting to accept a fee-farm 
rent of the value of £lO<i per annum as a compromise. 

Among the most noteworthy events that occurred at Ely 
FUce after the Restoration, we find that on November 14, 1668, 
the then Dean of Ripon, Dr. Wilkins, was consecrated Bishop of 
Chester in the chapel of the palace, when Dr. Tillotaon, Arch- 
bishop of Canterbury, Dr. Coein, Bishop of Durham, the Bishops 
of Ely, SaJisbury, and Rochester, officiated, the Archbishop 
pre&chinff the sermon. Here also, Basanna, the daughter of 
Evelyn the historian, was married, on the 27th April, 1693, to 
WiUiam Draper, Esq., by Dr. Tenison, then Bishop of Lincoln^ 
and afterwards Archbishop of Canterbury. 

At the time of Prince Charles Edward^s defeat by the Duke 
of Cumberland, in 1746, an incident occurred in the chapel of 
Kly Place, wliich has thus been mentioned by the poet Cowper 
in the 'Task*:— 

*' So in the chapel of old Ely Honfie, 
When wandering Charles/ who meant to be the Third, 
Had fled from William, and the aefws was freeh, 
The flitnple clerk, but lojal, did anncnmee 
And eke did rear right merrily two staves. 
Sung to the praise Mid gkery of Kmg Oeorge*'^ 



Subsequently to the middle of the eighteenth century, when 
all hope of recovering the propeity that had been granted to Sir 
Chriatopher Hatton was abandoned, the condition of the palace 
became increasingly deaoliite, — the buildings were by degreee 
pulled down, the cliapel, the hall, the cloisters, and some othei* 
portions excepted, and the chapel was subject to the grossest 
desecration, the space underneath being used as a public drink- 
ing cellar, whence the sound of noiay and profane revellings 
actually proceeded during the hours of divine worship. The 
bishop^ norses were brought through the hall, for want of a 
better entrance, and the jjalace, which Stow bad sometirao 
declared to be ** large and commodious," was reduced to a very 
dark and incommndious habitation, the bishops being obliged to 
enter the apartments reserved for thejr use by the back way. 
Seveml cellars under their private apartments were Jet to other 
tenants, and the windows and passages of these cellars opened 
into the cloisters. Sir Thomas CJooch, D.D., who was Bisbop of 
Ely from 1747 to 1754, was the last who Btted up Ely House as a 
residence. He died there on Feb. 14, 1754, and in 1762, on the death 
of the last Lord Hatton, the entire property, which during the long 
period of nearly GOOyearj had been a place of episcopal residence, 
and the scene of the most magnificent displays,* was finally dis- 
posed of. An act of parliament was obtained in 1772, under the 
episcopate of Bishop Keene, whereby, the bisbop consenting, all 
the rights and property connected with Ely Place were trana- 
ferred to the crown for the sum of £6600^ with an annuity of 
.£200 to the bishop and his successors for ever. Out of this £6500 
the sum of £!yWO was appropriated to the purchase of Clarendon 
or Albemarle House in Dover-street, Ficcadillv, with other mea* 
fiuages and gardens, to be settled on the see, subject to a reserved 
rent of £18 a year, — the remaining money, with £3600 due from 
the executors of Dr. Mawson, Bishop Keeue^s predecessor, for 
dilapidations, was applied to the erection of the bouse in Dover- 
street, called Ely House, which was settled on the Bishops of Ely 
for ever.t 

For some time it was uncertain irhat would be done with Ely 
Place. A convenient excise office was required, and the ground 
on which the palace stood was suggested as eligible, but its sttua* 
tion was objected to. Tlie project of removing the Fleet prison 
was abo entertained, and again Ely Place was under considera- 
tion, in consequence of the amount of ground still attached to 
it, but the inhabitants of Hatton-garden petitioned against 
the erection of a prison on that spot, and the parishioners of BU 
Andrew's, Holbom, and the Earl of Wincbeisea (to whom estates 
in Hatton-garden belonged, and who feared that thereby his pro* 
perty wouM be injured), also feave the scheme all the opposi- 
tion in their power; the bill brought into the House of Commons 
did not in consequence succeed. A scheme was also set on foot 
for converting it into a stamp office, but this also failed. The 
estate was finally re-ao!d by the crown to Mr. Charles Cole^ 
crown surveyor, when the hull, cloister, &c. were removed, and 
the present street, also called Ely Place, was built on the site. 
The chapel however escaped demolition, and after passing 
through various hands, having am^ng the rest been purchased 
and presented to the National Society by Mr. Joshua Watson, 
for the use of the children of the central school in BaldwinV 
gardens, an arrangement which was afterwards given up, it has 
been of late yean a place of worship for Welsh episcopalians, 
and divine service is celebrated every Sunday in the Welsh 
language. 

The foregoing particulars are a summary of the principal 
bistorical fiicts connected with one of the moat interesting fea- 
tures of Mediaeval London. 

In this practical age—" the age of iron," as it may literally be 
termed — an adequate conception of the dignity and magnificenco 
which distinguished the |mlaces of the clergy and nobles m 
London can be with difficulty realised, a few sGittered and 
dilapidated remains being all that now attest the departed 
glories of the ancient residences. Among the most distinguished 
was Ely Place, but of its original asfiect before Queen Elizabeth's 

* During thb timi; there Ii4<i been faity-oue BUhopa of Ely, of whom ilx had died 



f Tbe orkiiiala a( the ptaa ftod t)mo vtovi of IQy flal«c« as U rtood in 1772, firom 
vUiclt tbe iUaitntk»B prtn bj Onxe and other ftotbon bare be«n engmved, hAve 



IwcD kindly lent to tbo writir of UiiB acooaut of Hie 



*j tliTOiigli llr. fi. Ferrer, 



10 pttLuOi 
ATcfoilect, hf Uie Eer. Edraiuid Ktmm, ton of tlM muuikoiit preUto of tli&l nwne to 
Thorn alloiioo baa b^u tixmAj made, ud renidliig vbooi libendltv PeonAiit wriUo 
tbfl fbUoviaf t^** It w«a tbe fiortoat of ihoi awnUkaat pnbile, Edonnid I 



tbfl fbUoviaf t^** It w«a tbe fiartoat of ihoi xonnlAQaBt'pnbile, IdBmnd JUaneu U> buUd 
or repttlr more eodeiiMllQil bonuM fHuuk uaf cbaioliiiiMi of ttodna dsfo. Ho botonod 
mofi ooiuider«blo npdn on tbe MWAago bonoe of atuboiMi^ ia tbe bkhopdc ^ 
Dwbua,— bt wboOj rebolU tbo pouoe al Cbeetor,— bft reiiiirBd olaoil fhm nrui tbM 
«6 Ely,— asd flasUi^ JSly Hoiue, Donrokoet, LonOna, ««i bolH uador bu iospoetioD.* 
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rsign, when, acoorcliQg to Strype, it had " grounds consisting of 
an orchard and paflturej ftll inclosed within n wall,** aodj ns 
already stnteil^ cotDprised wttbiu iU boundsmes ati extent of 
tipwards of twenty acres, no accurate record, it may be feared, 
remains. Towards the end of the last century, Grose, tlje liis- 
torian and antiquary, describes the then existing buildings 
[(a.d. 1774) as follows:— 

" This hoiifif! RtAiids on the norib side of Holbourne, idiDost oppoiitc 
I to St, An<lrew*B t'hurcli. The entrance i» throtigli a large g&teway. or 
^fKUtcra lodge, into * sm&U paved conrt; on tbu right band are same 
ottosi itupport«d by a fxiloimade, and on the left a mnaU garden* aepa- 
fftled fnjtu the murt by a briok walL In the front appeon the venerable 
old hall,* origmally built with stone; it« roof ia covered with lead. Ad- 
joining to the weitt end are the chief lodging rooms, and other apart* 
menu. The iiu^de of this hall ia about 3(1 f«^t high, 32 brood, and 72 
long. The timW of the n>of forrns a ddmi-dodecagnn. It ie birhted by 
bIjl Gothick wiii«iuWd, four on the south, and two on the north fliJe, The 
floor 11 piive^l with tilen. At the lower end is an oaken screen, and near 
the upper end there U an aacent of one atep, for the high table^ acMXirding 
to tliB olfl EngliAb fa»}uon. To the north-west of the hall ia a quadran- 
gular cloister, ite south aide nwaauring 95, and its west 73 feet. In the 
eentre is a small garden. The east end ii at present shut up, and has 
been converted into a aort of lumber-room or cellar. Over the»e cloieters 
are lodging-rooms and galleries, where are several antient windo^-H, but 
not above two small pieces of painted glass, and those neither beautiful 
nf>r ciuions. Adjoining to the north side of the cloister, in a Bekl con- 
taiidiig ti\>mi an acre of ground, stands the chapeL Thia field is |djujttxl 
with trees, and surrounded by a wall: on the east aide, next the hall, ar^ 
the kitchena. Hare were several other office*, which have licen tiiken 
down within the memory of peraona now living. The exact time when 
thi« chAi»el Wiis built ia not known; it U dedicated to St. Etheldreda^ and 
is a HghtnAngled piirallelograin, in length 91 and lireadth 39 feet, having 
at each angle an iHrtagoual buttress or turret, crowned with a conical cap 
or pinnacle. The east window is large and handsome; on each aide of 
tt, as well as of thosi* on the north front, are nicbea with pedestals for 
statues. The ornaments seem to have been carefully finished, but the 
wh4»le btiilding is at present greatly defaced by time and weather; the 
inside ia still very neat, and seems' to have been lately repaired. The 
Hoor is abimt 10 or 12 feet above the level of the ground, ajuJ la sup- 
ported by eight fitrong chestnut posts, running from east ti> west, under 
the centre of the building. Tbla forma a souterrein or cry^itt, the stze of 
the chapel, having six windows on the north, answering to as many 
niches on the south side. At present several of the windows are atopperl 
up. The entrance into this place is through a amoll Gotbick arch under 
the east window. It does not appear that there ever were any burLaht in 
t*r nnder the chapel. 

The buildings of this house have undergone many alterations, repain, 

and adilitions, as appears both by tha different stiles of architecbore, and 

the various matenalB with which tney are patched. By whom these 

! done is nowheru mentioned, except in the life of Bbhop Launoelot 

litndrewa (in Bentham a ' History of Ely"), where it is sairl that bishop 

||aid out two thouaand pounds in the repair of Ely Houses Uolboume, Ely 

iPahicct Dowidiaui Hall, And Wisbeach Castle. This was between the 

years ltJ09 and l«JlO/* 

It has sometimes been asserted that the chapel was erected 

during Bishop Arutideirs episcopate, viz*, between the years 

1 1374 and 1-I14;t but the moat cursory inspection is sufScient to 

IfliQW this is an error, the date of its architecture clearly belong- 

llng to the beginning, and not to the end of the fourleentb cen- 

|tury. It is til roiighont of Geometrical Decorated character, and 

In truly benuiiful example it has been. In plan it is a parallelo- 

ffram, measu ring 80 ft 3 in, long by 29 ft. 6 in. wlde^ and about 50fL 

high internally. The original entrance was at the south-west 

Angle, and in the jamb-moidd of this doorwav are three shafts, 

with moulded c:ipilals and buses, and intermediate smaller shafts; 

and tlie arch abiive the springiog has a series of ex<ieedingly 

beautiful mouldings. On the inside, the arch of the doorway i's 

[ legmen tal pointed, concentric with the outer arubea, and the 

p jambs have shafts with moulded caps and ba^s, the label* 

moulding beiug carried on a moulded corUd at the level of the 

springing of the arch. The whole of this doorway, with its 

ilr lila to an enlarged scale, will be found on Plates V. and VL 

It la probable that at the westera end waa an nute-cbapel, and 

Itlmt a screen originally existed between it and the chapel. The 

Pfwo westernmost compartments, instead of windows on the north 

mitonth sides, had mural arches. The chapel had five 2dight 

;^^ — ^ — ~-^ 

* Jheoordiug to tht drawLitg of the ball of tb« palAoe, it woald M»ni to have baeii 
biTNlsd ia the fomtecmth omnirr, and was probablj cosral vltii tlie diapd, the 
"'"rtiMtowa beliig Appveatl7 of Oeotnotricsl Doooratad dianicter. 

t Makoloi, in bu * LoodluiaiD BedivlTniD,* rot. IL p. 117, stales—" HKiaaaa Amodell 

■ the furslata who sxpsudod Ui« greatest part of hit roveooes od the pulmoe; aod I 

aiippoie «9 ai« Indebted to htm for the baralirHl ImC Mlilair ftagment now left far the 

■Aalratioii at the aatkmarx and man of tast«, the proitqct of an arrbltact fikinUiHr with 

Cbe lich iaacr of ilie Edwardiaa mjUtj full/ i&dulged ia the gmsd e«et wUuIqw/' 



windows on the north and south sides, the windows being con- 
nected by a wall arcadtng, which, above the springing of the 
arches, had crocketed and fi Dialed canopies slightly projecting 
fiODi the wall, and filled with geometrical tracery. 

The east and west windows are of large dimensions. Each 
has tive lights; the west window being considerably the better 
of the two in design. In the tracery of the east window the 
sub-arcnation is not concentric with the outer arch, whereby a 
species of HpHmlril H()ace is somewhat awkwardly obtained at the 
top of the window; and it has been attempted, but not very suc- 
cessfully, to obviate this defect by the intnxluction of a sex foil 
circle and other tracery in the space referred to. The original 
ceiling of the clm|K.4 may probably have been the same form as at 
present, "viz. polygonal, in four hays; an in3[>ection of the roof, 
aa for as it was practicable, above the ceiling indicating no signii 
of moulded or ornamental work; while the quatrefoil oj:)enings in 
the east and west gables present no apjiearances of having been 
glazed, but were probably for the purposes of light and veutilft- 
lion only, and intended to be ooiioealed from view from within 
the chapel. 

Accoi\iiug to the drawings of the year 1773, the same arrange* 
roent of windows and interveiiioc arcading ha that on the inside 
appears to have existed exteriorly, but the lower portion of the 
window openings appears to have been blanked up. Tlie windows 
on tlie norths east, and west sides, lightiBg the souterrein, were 
of two lights, and, like the rest, of Geometrical Deconited date. 
On the south side of the crypt, in the interior, were two reoesaes, 
apparently aumbryes, and two singledtght openings, formerly 
looking into the cloisters adjoining; the north-west octagonal 
turret m all probability contained a staircasei the door of which 
was in the crypt. 

The foi-egoing description of St. Etheld redans chafiel cannot well 
be concluded without some notice of the existing state of the 
buildJng,for, since Grose wrote, great indeed has been the change: 
the mod era Ely Place has superseded even the remnant of the 
palatial dwellings that existed in 1772. Uall, cloistera, dwellings^ 
gardens, have disappeared, and all that now remains is the once 
inagniticent Chapel of St, Etheldreda,— itself, too, changed in aH 
refi|>ect8, and now occupying a retiring position behind the froEt- 
age of the houses in the street. In the interior, the pewin^ and 
galleries, "altiir- piece," and pulpit (the portentous sounding-board 
of which rears its elevated bead in the very midst of the build mg) 
presents a most incongruous and unsightly mfi&s uf carpentry anil 
joinery. An upper gallery almost entirely obscures the design of 
the tracery in the west window, an accurate restoration of which 
could only be obtained by access to the outside through tho 
houses in* Ha tton- garden. The tracery in the windows on the 
north and south sides has been entirely destroyed, the most 
wi^tched modern wooden sashes being substituted, and no indica* 
tion of their original design existed until very recently, when one 
of the window recesses at the north-east an^le of the chapel waa 
opened, and the original tracery, built into the wall of the adjoin- 
ing house in Ely Place, was brought to light, the tracery indeed 
in a state of considerable mutilation, but nevertheless sntMciently 
perfect to indicate tlie design of the original twodight wintlow. 
The interior of the entrance door at the aouth-weat angle uf tho 
chapel, close to which is a | articolarly small and inconvenient 
modern staircase leading to the organ gallery, is now entirely 
hidden from view by modern wood pzinelling and jamb Ituiugs^ 
with the exception of a portion of the label-niould. When tne 
writer of this account measured the building a short time since, 
the application of a few tools su!^ced to bring to light the interior 
of the original doorway, which for more than seventy yeai-s had 
remained concealed from view. The interior walls of the chapel 
are encrusted with an admixture of yellow wash and dirt, and 
on the outside, from neglect and the effects of a London atrno* 
sphere, the masonry is in a melancholy state of <lecay; the jamb 
and arch mouldings of the windows are almost wholly obliterated^ 
and nought but a faint indication of the arcading connecting the 
north and south windows exists. The west front looks upon a 
small yard within a few feet of the rear of the houses in HattoOr 
garden, and the east front, towards Ely Place, baa been ** beau- 
tified" and renovated with a focing of stucco, "neatly ioin ted'* 
with the most careful symmetry. Under the east window, twa 
literally "Gothic," quoad barbarous, doorways into the chapel 
have been inserted. Both the octagon turrets at the east end 
have disappeareih and those tliat remain at the west end are mere 
shaplees masses of masonry. The souterrein or crypt is merely 
a place of lumber, and a receptacle for casks of all sorts and size& 
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Soeh WM«-saeh i8-*St Etheldreda's GhapeL Contrasting its 
past ^oriea.with its present desolation, it is sorely not too late 
er qoite in ynin to plead with those who are interested in the 
ftw remaining antiquities of oar dgantic metropolis, Ibr the fiuth- 



Ibl and thoroaffh restoration of a ouilding so hiiitorioallj interest- 
iag, andso arcbiteetarally valuable. 



SUSPENSION GIBDEQ BBIDQES. 

Poor. Bavkinb^s communications of November 24 (voL zziii. 
|i. 351) and December 26 (ante p. 4) were each received too near 
th» time of going to press to admit of our apnending any com- 
meat or acknowledgment. It is satis&ctory to nnd such a degree 
of general correspondence between the results arrived at bv the 
Prmssor and those to which we were led in the inquiry published 
in our November and December numbers. The systems of in- 
vestigation pursued having been so distinct, this approximate 
aeooraance of result possesses considerable interest ana value. 

Prof. Bankine has rightly given the conditions and the amount 
of the maximum strain on the suspended girder, acconling to the 
method adopted in our article, previoui to the eorrection for the 
etntdUng of the olaint. It will nevertheless be found that, after 
tkie oerrectUm U made^ the maximum strain will be that which 
arises when the rolling load covers half the bridge: or, at least, 
that this supposition will be close enough to the truth for prao- 
ttosl purposes. 

We shall be very glad to avail ourselves of the promised 
opportunity of comparing the details of the investigation of which 
Irot Ranlnne has given the results with our own. In the mean- 
while, we confine ourselves to indicating the grounds of the con- 
clusion we have been led to adopt as to the conditions which 
practically determine the maximum strain. 

We wiU first give a brief sketch of the reasoning on which the 
oaloalation of the maximum strain, irreepeotive qf the etretching ^ 
tke dutine, is based. 

A load equally distributed between the points re and r^, at the 



nte m per foot forward (amountinff therefore to m[r.— rj«), will 
impose the following strains on the suspended girder, at any 
aSMgned point whose distance from the half-span (with its proper 



'^**-**)j + (r,+r-r,'+^f-^'^ = (D) 



sign) is denoted by jp >— 
Direct strain, 

= m|(r,- 

BeAex strain, 

= "•{Sc-*-'-) - 1 W-'^+'.*-"} (? - ? )= (R) 

The actual strain at x will therefore be the difference between 
these direct and reflex strains, or will be equal to (D)-*(E). 

For given values of r, and r, the position of the maximum 
strain is found by making 



47=: 



^+r~r,«+f^ 



l-S(r,-r)+i(r,«-H)-r,Hr» 



X^=(X) 



16' 



flince this gives its greatest value to the expression ^)— fR). 

The substitution of the value of jt above determmed leads us 
to the following general expression for the amount of the 
maximum stain on the suspended girder, loaded from r« to r,»:— 

Haximum strain=:fiw«|^-^g(r,-r)- i. (r,«+r^+^g W-*^ 



-r(V-r»)+- 



(r,+r^r,^^f^ 



l-^(r,-r)+i(r,»-f»)-r,»+r^ 



»)J 



= (M) 



This general expression for all maximum strains itself attaina 
it} maximum vaJue when r^=^ and r= 0*08212, or when about 
-f^ of the girder is loaded, commencing at one end. The principal 
maximum strain is therefore arrived at by substitutinff Uiese 
valaos of r, and r in the expression (M), and will be found to be 
(lkn = 0-01 655 m«>. 

The greatest strain to which the girder would be exposed if 
not suspended, under a rolling load at the rate m per foot lorward, 
would i)e = 0'125iiM'. In terms of this strain, the maximum 
ainun on the suspended mrder is expressed by the fraction 0*1324. 
' The position where £e principal maximum strain occurs is 
fimnd by substituting the above values of r^ and r in the ez- 
presnon (X), which gives, as the distance of the point where this 
mniJk oocors from the half-span| «=:0'27025f. 



The amount of load which will be thrown on the chains when' 
the rolling load reaches to within 0*08212« from the half-span, is 
found (from the formula given, vol. xxiii. p. 353, coL 2) to be 
equal to 0*37307fiM; and as the portion of the rolling load which 
we have supposed to be brought upon the bridge will come to 
0-4l788fM, the chdns will carry 0*89 of this load. 

Thus far our results do not widely differ from those which 
Prof. Bankine has educed from our theory. It now remains for 
ua to give our reasons for maintaining that it answers every 
practical purpose to consider that the rolling load occasions the 
greatest strain when it covers half the span: and that the suspended 
girder may be made one^ghth as strong as a common ginier for 
the same rolling load; addinff to this proportion of one*eighth 
such an allowanoe as may be due to the stretching of the chains. 
With this object in view we revert to the example adduced at 
vol. xxiii. p. 354, col. 1. A bridge of 400 feet span was there 
instanced, naving a suspended girder of such rigioity, that with- 
out the assistance of the chains it would carry a distributed load 
of 50 tons, with a deflection of 10 inches. It was also supposed 
that the settlement of the chains due to a distributed load of 
400 tons would be 4 inches; the rolling load being taken at 1 ton 
per foot forward, or m being =1. 

The greatest strain which such a rolling load would throw on 
a common girder bridge would be 0'125imi' or 0*125X1X400*=: 
20,000. C^ this strain S. The strain on the Suspended girder 
at the quarter-span, when the rolling load covers half the bridge^ 
is one-eighth of 8, or 2500, before the allowanoe for the settlement 

of the chains. The load thrown on the chains is -^ = 200 tonst 

and the consequent settlement ^11 be 2 inches. This settlement 
will reduce the reflex strain on the girder by the amount of 500 
at the half-span, and 375 at the quarter-span. The net strain on 
the girder at the quarter-span will therefore be 
2500-|-375=:2875 = 0*1437 X a 

The theoretical maximum strain when the rolling load covers 
a leoffth of bridge = 0*41788«, or 167*152 feet measmed from one 
end, IS equal to 01324X8=2648. The load thrown on the 
chains is m this case 0*37307 Xnw, or 149 228 tons. The conse- 
quent settlement will be nearly 1^ inch. This settlement will 
roduoe the reflex strain on the girder at the half-span by 373, 
and at the point of maximum strain (about 108 feet from the 
half-epan) by 264 The net strain on the girder at this point wiU 
in this case be therefore equal to 2648-f-264=2912=0*1456xS, 
which is within lj[ per cent of the net strain in the former case; 
and at seasons when the chains are expanded by summer heat^ 
the strain will be decidedly greater in the former case than in 
the latter. 

It would therefore seem that, provided there is no error in our 
reasoning, it would be sufficiently safe and accurate, where a 
bridge of one' span only is under consideration, to assign to the 
suspended girder such a degree of streoffth that it would by itself 
carry one-eighth of the greatest rolling load, distributed over the 
entire span, without undue strain; and to add to this proportion- 
ate strength such a frirther percentage as is found to be demanded 
on account of the stretching of the chains. One word more as to 
this peroentafle. 

We have iSreadv given (vol. xxiii. p. 353, col. 2) a formula for 
the settlement of the chains of a suspension gu^er bridee, conse- 
quent on an elongation at the rate 1 : 1 -{-e. This formma is 
25« /4^ 4e\ 
32 \4©+"3/ 
9 being the span and v being the rise of the chains. If « and v 
are ^ven in feet, this settlement is given in terms of a foot. 
Having tben determined on the proportions of a bridge, and the 
section and elastic strength of the chains, it becomes an easy 
matter to reckon the settkment which will take place when the 
maximum rolling load covers the bridge. Call this settlement (L 
We can also estimate the deflection of the unsupported ^rder 
due to a distributed load equal to one-eighth the maximum 
rolling load. Call this deflection D; D as well as d being in 
terms of a foot. Then the flanges of the girder should be strength- 

3d 
ened in the ratio of 1 : 1-f ^ ; so that one-eighth the rolling 

load would now deflect it, not D, but only D— jd 

Any further addition of strength to be given to the girder to 
meet the strain that mav occasionallv arise from the thermoma- 
tric expansion of the chains, will be determined by an etpr c s si on 
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of a similar form to that just indicated. Bat iq dealing with 
I this part of the queatton regard must be had to climHte as well 
t to the season lu which the bridge m fixed, and to the d^gred 
Xif aoj) of forced camber given to the girder^ after fixing, by tight- 
^<4ning np the roda. 

We should take an interest in seein;? Prot Bankine's examina- 

I lion of Mr, E. A. Cowper's termon ribf. We have ourselvea been 

I ltd to a consideration of the subject, and may take an early 

opportunity of preaenting to our readera an investigation of it, 

on the method we have ventured to originate in dealing 

I With the suspended girder. 

CONTINENTAL PUBLICATIONa 

In the Enetfchpidie for October of laet year a short article 

I'lkcarB) on the "Preservation of Stone," a translation of which, 

pTlogether with quotationa from a letter on the same subject sub- 

^uently published, wilt be found at page 40 ot this month's 

foumal^ as it seemed desirable that all relating to so momen* 

ftoui! a subject — one probably far more important to ounaelves 

than to our French neighbours — should be distinctly indicated 

by a separate title. 

Another and an interesting document ia to be found in the 
ime part of the Encyclopedie, It is a report read before the 
[Acailemy of Fine Arts by M. Duban, one of its members, who 
liad been deputed to examine into the desirableness of establish- 
'tig a museum of art and manufactures (tfart et tfindustrie) n,t 
Lyons, the centre, as Is well known, of the French silk manu- 
P&cturrng district. Notwithstanding the necessarily local cha- 
racter of its object, ^this document is so interesting, as show- 
ing the view taken in France of the position now held by the 
art manufactures of this country, and of the progress we are 
making, that it is with some reluctance tliat we refrain from 
transcribing the whole. The opening paragraphs are as follows: 
*' Gentlemeiij^TlMS commiMsioner appointed by you to exAmine the 
leiport of M. Nataik Rondot, on the utility of fonnmg a museum of art 
Ittid induBtty at Lyooi, hss the honour Ur lay before you the ohservatioQs 
r^Alffgesfeed to him by the examination of thie document. 

Ihiring the UniverHal Exhibition of 1851, the EngUsh people, noticing 
with an attentive eye the induatrial movement roaeed by the competition 
thus nohly opeoed to all the nations of the globe, was ohliged to admit 
its tnf firiority on oertain points, especially those where art and iaete exert 
an influence upon industry. Nallonal feeling was rcnued throughout 
Engknd. That oountry, with the promptneas she alwajs displays in the 
reotifioatum of all mistakes having a bearing upon her oommeree or her 
su^remivcy, and with tb« practit^ good sense which is to her so safe a 
guide, immediately resolved to raise her art and taste to the level of her 
industry; in other words, to place henelf in a position to defy any com- 
petitive rivalry. A Department of Science and Art constituted with 
this object, the creation uf numeroua public schools, a central museum 
[«f Art and of manufactures, nourisliin^ by special and frequently renewed 
ODtribntions the musenmB established in the central towns of the diffcrt^nt 
nufeotuHng distrietst an increaae in the number of professors, and the 
of tbem from the most accomplished men of the day, — such 
» the first results of a resolve due to the initiative of Prinoe Albert, 
i carried out with the chAracteristic peiveverance of our neighbours. 
The Universal Expo«iticm of 1855, in Paris, revealed the progreismBde 
I finder this energetic impulse. The spectucle then presemted of French 
Qufactoreit, such as till that day hod stood unrivalled,, now eauaUed in 
tain respects, and even surpassed in oertain others, jnspirea men of 
rio««thought with feats for the future of that supremacy which France 
had so long swayed in these matters. These fears were set forth, along 
with an indication of the proper mode of allaying tbem, in an origiaal 
documeiit submitted for your consideration by the higher administrative 
authorities, 

A remarkable report prepared by your perpetual secretory relative to 
[ ^s work, a compt'titif m which you opened on thij^ important subjeot, 
[and a premium awurdefj, oil testify that from the Jiret this Academy had 
^ikeu into anxious contideratinn the future of our art industry. 

The city of Lyons, watchful agamst evetything that might threaten 
I'that special manufacture which has raised her name to such high con* 
"^^deraiaon throughout the world, was the first to point out this noAcent 

SFree from anxiety as to the present UMHwaat, but with fore- 
t for the future, the Chamber of Commeioe of this dty, ws eaiiy 
IHi 1856^ repeatedly deputed M. Natalis Rondot, its ordinaiy representa- 
rave in Paris, to visit EngloDd, there to study the institutions recently 
ded by the Department of Science and Art, and especially the 
f ifirgamsatioo of InduKi^trial museums. The result of the observations sue- 
ritesaively made by M. Kondot, and condensed int<:> the report which you 
uequired should be exominad— a report read before and adopted by the 
rahamber of Commeroe at Lyons—was a proposal to create a mu^iuu of 
rt and hidostry at Lyons, on the model of the South Kensington 
Cuseum at London. ** 



Here follows an acoonnt of the kind of muaenm proposed. It 
is intended that it shall be a ^parate estabEshment, not affiliated 
to either of the schools or colleges existing in the city, but dis- 
tinct from them and complementary to them, supplying that 
information and inatructlon which it is not in the nature of the 
other establishments to afford. And the object at heart, the im- 
provement of general taste and the advancement of general 
progress, particulnrly in ornamental manufactures, will be beat 
promoted, it is considered, by an institution to be divided into 
three leading departments of art, of industry, and of history . 
The art museum is to have its specimens chronologically ar* 
ranged, and in separate rooms, with a common corridor. These 
objects are to include all that will conduce to a complete under- 
standing of the character of ornament prevalent at each period 
of the history of art " A special library, and a room for the ex- 
hibition of flower-pictures of all sehools,'* form part of this 
division. 

The aecond or industrial department is to oomprehend three 
subdi\H8ionB: the first for raw materials; the second for fabrics 
of silk, and of silk mij^ed with woollen, cotton, linen, gold, 
or silver; and the third for the machinery used in the mann- 
facture. The historical department ia to give not only speci- 
mens showing the history of silk manufacture at Lyons, but 
also illustrations of all the other manufactures which have at 
any time flourished there. The list of these include casting, 
chasing, pottery, coining, ecclesiastical goldsmiths^ work, beatea 
metal work, and printing. 

The commissioner, while heartily approving the general plao, 
adds a suggestion, for which it is gratifying to observe he con- 
siders himself as much indebted to England as for the whole 
scheme. With a view of aflTording means for the study of colour 
and of the forms of growth of the vegetable kingdom, he sug- 
gests that the innumerable varieties and glorious eolooring of 
exotic lowering plants and the gay plumage of birds, should to 
some extent be brought within the reach of the atudenta. To 
quote again from the document-*- 

'* The ooRunissioDer ventures to suggMt an idea which, if his infor- 
matioQ be correct, has been partially realised in one of the art ma- 
seums of England. This idea would be, fint, to establish in the city 
one or more hothouses for the cultivation of such foreign flowen as are 
suitable to fumiah modeb, and then to apjiroprtate some sections of the 

intended museum to Ci:>Uections of tropical birds uid butterflies 

It is easy to perceive that the compositioii of rich fabrics might gain to 
freshness, brilliancy, and novelty of appeanmce by the oonstant ejumi* 
nation of the tones, sometimes blended and gentle, sometimet decided 
aod bright, but ever harmonious^ the secrot of which nature embcHHes.'* 

The scheme, with this one suggestion, is warmly recommended 
to the approval of the Academy; and it will aim oet startle as well 
as gratify those who read the entire document^ to observe the 
repeated references made to EngEsh progress^ such as, for 
example — 

'* Even if French industry had not been thi^atsoed hv any serioua 
competition on the side of England, the art upon which it depends would 
none the less require, for the maintenanoe of itfl rank, the rradiaation of 
the pnjjected scheme. But this threatening rivalry should cause all 
hesitation to cease. Not only at Lyons, but eiqually at Limoges^ at 
Mulhause, at Rouen, at the centres of industrial districts, but, above all^ 
at Paris, ought the appeal to be hearcj aud the example to be followed.* 

Again, referring to a free drawing school existing at Paris, it ia 
added, in a spirit not (^uite in accordance with the high tone just 
before taken, 

"But this school, enough for the reouirements of an induitiythat 
reigns unoontestedly and with no fears Tor its future, might he further 
developed, and might to a greater extent fortify our intelligent Parisian 
iodnstxy against the unheard-of efforts put forth {la ^Qrt4 inouu tent4ti) 
in Enguuid." 

We are the more gratified by the opportunity of bringing be- 
fore our readers this testimony to the progress being made in 
this country in the cause of artislic manufacture, and to the 
share in that progress due to the Prinoe Consort, becauao few 
public acknowledgements of this sort have as yet appeared. The 
sins of the Department of Science and Art are moat unsparingly 
laid bare, and none can more heartily condemn their most serious 
mistake, i. e. the choice of a bad situation for the central school, 
than we do, but it seems to have been forgotten how much is 
being and has been done for our fine arts and our commercial 
prosperity by this very department, including all the multiplied 
schools of aesigu that have almost exclusively trained the pre- 
sent race of deeieners. To the influence of the Prince Consort was 
originally due me starting and the s^ooeasful accomplishment 



VMk 1,1861] 



THE CIVIL ENGINEER AND ARCHITEOTS JOURNAL. 



of the EzhibitioQ of 1851. That the results of this exhibition 
hATe taken a permanent form, and are likely to be of lasting 
Talne to our manufactures, and hence to our commerce, is mainlj 
due to him also; and we are glad to see, and to join iu, such an 
acknowledgment of this fact as appears at the head of the report^ 
part of which we have just translated. 

The length to which this subject has almost necessarily ex- 
tended renders it desirable to postpone a notice of some other 
inatters, which will be taken up iu our next number, but it is 
right before concluding to direct attention to the great competi- 
tion open in Paris for a new opera-house, and in which it is pro- 
posed in the first instance that only sketches shall be submitted; 
the authors of a selected number of the best sketches being sub- 
sequently invited to elaborate their designs completely, in order 
*Sat from the limited number of complete designs thus procured, 

; premiated ones may be selected. 



THE PRESERVATION OF STONE. 

A discussion being about to take place at the Institute of 
British Architects'*^ upon the preservation of stone, we are 
desirous of calling the attention of our readers to a few of the 
more prominent errors in existence relative to the application of 
the soluble silicates of soda or potash. 

In 1859, the Prince Consort communicated to the Society of 
Arts two valuable papers, the one by Dr. Johann Nep Fucbs, 
the second by F. Kuhlmann, Professor of Chemistry at Lille; 
his Royal Highness further had these communications translated 
and puUished, and the scientific world are much indebted to 
him Kir these very luminous papers, written more as an analysis 
of the past labours of the before-mentioned eminent men, and 
suggestive of a wide field for inventive and persevering genius, 
than as containing any abstract laws for operating and manipula- 
tive details. Antecedent to this period, little was known of these 
researches, and that little so mystified that,, coupled with the 
alight knowledge, even in our laboratories, of the behaviour of 
aiUcates, the subject was involved in comparative obscurity. 
No sooner, however, had the Society of Arts published the useful 
brochure alluded to, than another claimant to the reputation of 
Fnchs and Kuhlmann sprang up, and, more for what he intended 
to do than for what he really had done, claimed even a prece- 
dence over those celebrated men; and the scientific world have 
been on the watch to see how far the theories advanced as supe- 
rior to those of Kuhlmann and Fuchs were reducible to practice. 

The process of silicatisation only was repudiated, as likely to 
accomplish in an imperfect manner the desired end, from the 
perfect solubility of the silieate, until deposited in an insoluble 
form by the carbonic acid of the atmosphere. This is evidently 
a disadvantage, and one that we were told was to be removed in 
the new theory by introducing a second solution to decompose 
the first If free from a viscid or gelatinous character, a solution 
might, by parting with its aqueous particles, allow of the ingress 
of a second solution; but we are certainly astonished at the cre- 
dence this theory has obtained, and can only account for it by 
repeating our former remark, that the character of the silicate 
is out little known, even in our laboratories; for with its peculiar 
gelatinous character, it defies the ingress of another solution when 
u that form itself, and, when dry, it is a glassy varnish, that 
necessarily repels the approach of any liquid application. 

If a glass be half fillea with silicate of soda, and a solution of 
the proposed decomposing agent (say chloride of calcium) be 
poured upon the top of it, a thin film is formed of the silica in 
combination with the lime; by degrees a thicker stratum is 
formed, but it is the work of days, and even weeks, to decompose 
the whole. The intimate contact brought about by stirring, 
effects a mutual decomposition immediately; hence the fallacy 
has gained crround that the two materials can be commingled in 
the pores of the stone. Again, if silicate of soda or potash be 
decomposed by chloride of calcium, a silicate of lime is un- 
doubtedly formed; but here another great error has arisen by 
confounding the crystalline silicate of Time, formed by the slow 
elaborations of nature, with the pulverulent substance formed by 
the experiment just alluded to. So powdery is this mass, that it 
will not cohere in its own particles. How then can it be ex- 
pected to combine other ingredients, or add to the strength of 
loosely combined materials 7 

* The diaciiMioo referred to wm to take place oo the S8th of Janoaiy, befqm whidi 
dale the abore artide was in t jpe. 
t 8eeC.JSLdfrJ.Jto«nMl,yoi.zziLiip.Sl«,SM. 



But sapposing all these difficulties overcome, and anomalicB 
lUKxmnted for, we are led to a finr more serious discrepancy 
between practical observation and these new theoretical conclu- 
sions. Most practical authorities are agreed that the sea air 
is more destructive than that which is free from saline proper- 
ties, to both stone and bride This is to be accounted for by the 
action of the chlorine (common salt being chloride of sodium) 
upon the lime or alumina forming a most soluble combination, 
and severe disintegration is the result Now, in the new theory 
chloride of sodium is one of the elements formed by the mutual 
decomposition of the silicates and the chlorides; and instead of 
being admitted in the small quantities of which the sea breeze 
would be the conveyancer, it is thus produced in bulk in the 
stone, tearing away its fiice in latters by the alternations of 
crystallisation and deliquescence. It is said, indeed, in support of 
this new theory, that the first rain washes away the efflorescence. 
This is a great error; a simple test will prove that, so far from 
the salt being washed away by the first rain, the salt retires into 
the stone, to make its appearance again when atmospheric influ- 
ences favour its re-eMorescence. 

We must not be misunderstood when we assert, first, that the 
combination cannot take place in the stone; and then that, if it 
does, it is destructive to it. We mean to say that, under all 
ordinary circumstances, and with practicable means of appliance, 
the stone cannot be saturated or charged with two solutions. 
But under extraordinary circumstances, and with artificial (or not 
ordinarily practicable) means of appliance, if the deposition of the 
silicate of lime be effected, the results from its twin element are 
those of the destructive character before named. The appear- 
ance of w^e samples of indurated stone is very likely to deceive, 
but the extreme hardness is always a proof of the absence of the 
new theory, and the presence solelv of the silicate, the entrance 
of thb chlorides not havmg been efiieeted. 

It then remains for a svstem to be propounded by which the 
deficiency of Messrs. Kuhlmann and Fncns* system may be sup- 
plied. In all efforts in this direction we believe the publication 
by the Society of Arts of the pamphlet before referred to will 
prove to be the best basis of research, and will lead to its ulti- 
mate accomplishment, for accomplished it assuredly will be. 
Very much has been done in relation to the preservation of wood, 
a far more perishable material, and we shall certainly never 
yield the point until our stone also shall be proportionately in- 
creased in durability, and premature decay be unknown. 

We do not claim the exclusive riffht of judging or condenming 
the various processes before the public, but we are supported in 
our opinion that not one of them is worth adoption by the nega- 
tive opinion of Prof Faraday and Sir Boderick Murchison; for 
unquestionably, if these gentlemen had faith in any existinj^ pro- 
cess, their valuable opinion, and the premises from which it was 
deduced, would not be withheld from the public b^ men, the one 
object of whose labours is the promotion of scientific knowledge, 
and the good of their fellow countrymen and the world at large. 

We shall be only too glad to assist in the development of any 
invention or process for the accomplishment of so important 
an object as tne preservation of our national edifices, but sych 
must have tenable premises, with really scientific and truthful 
deductions therefrom. 



ABCHTTECTUBAL PHOTOGRAPHIC EXHIBITION. 
Betond a doubt the best architectbral photographic exhibition 
that has yet been offered to the public is that now on the walls 
of the Conduit-street Oalleries, and which was opened under very 
favourable auspices by a converfozione on the 15th ult In pass- 
ing this general opinion, we do not so much allude to the number 
of the works exhibited, though this is considerable, as to their 
variety and novelty, selected as they have been, in the majority 
of cases, with excellent judgment, and a due appreciation of pic- 
torial effect Perhaps it would not be easy to mark any great 
advance in the manipulations and processes of the art itself, as 
distinguishing the present collection from previous ones, but it 
is satisfiictory to hope that some of the difficulties which have 
hitherto beset the attempts to take interior views are gradually 
vanishing^ though, of course, the diminished influence of that all- 
important agent^ light, and the fact of its transmission through • 
glass, sometimes c^oured, and generally not over-transparent, 
must always more or loss affect the brilliancy and distinctness 
which give a peculiar value to external effects. We are glad to 
observe^ too^ tnat many artists have taken subjects expr^y for 
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thifl exhibition; and *Mt has been songbV' as the committee 
observe in their report, '^ by invitinff suggestions for the works 
which shall form the subjects of photographs, and by directing 
the attention of photographers to these subjects, to advance as 
much as possible the practical character of the subjects exhibited." 
One other point in the report we may also advert to, as giving 
evidence of the diffusive character of the society'A operations, it 
having during the past year lent portions of the collection of 
photographs to local art exhibitions in Birmingham and Devon- 
port; while negociations are now pending with the same view 
m other towns, which will tend to promote the interests of the 
association, and thus confer a reciprocal benefit 

We observe from the catalogue (which, by-the-bye, is a model 
as regards the classification of contents, and its general compila- 
tion,) that the present collection amounts to nearly 600 subjects, 
including those of sculpture and bas-reliefs, which are to be taken 
by subscribers " only in excess of current subscriptions,'' and a 
few photographs culled from the exhibitions of former years, and 
now again offered, under the same restrictions as the sculpture. 

The general collection comprises gleanings from various parts 
of the United Kiiu^dom and the European continent, with a most 
interesting series mm India, and others from Egypt, Carthage, 
&C. The largest and most exquisite specimens are the production 
of Bisson (Jreres), such, for instance, as the three from Notre 
Dame, which are among the first enumerated. The portals from 
Eheims, also (10, 11), with the four from Rouen (15, 16, 17, 18), 
are delightfully perfect reproductions. Indeed, the number of 
continental cathedral portals which have attracted the efforts of 
the photographers would form an exhibition of itself; and by the 
judicious way in which they have been arranged on ^e walls, 
abundant opportunity is afforded for examining them either in- 
dividually or by comparison. In some cases additional value is« 
imparted by some special part, to a larger scale, being superadded 
to the general view. Among the other contributions of MM. 
Bisson which demand attention, we may mention the " Tower 
of St. Jacques de la Boucherie, Paris" (1), the three views from 
the " Chateau of Blois'' (26, 27, 28), and the fantastically designed 
'^ Lantern" of the chateau at Chambord, the detail of which is 
znarvellously assimilated to our own Jacobcsan work. Some 
portions at large of " Antic^ue Sculpture in the Palais des Beaux 
Arte, Paris" (59, 60), show ingenious arrangements of Orinthian 
capitals. M. Legrey exhibits but five sulyects, four of which 
illustrate the tympana of the portals at Notre Dame, and the 
groups of sculpture which they respectively contain. We may 
point to these as, among their class, especially meritorious. 
The numerous picturesque scraps, as well as charming building 
at Rouen, have not been overlooked; and artists appear to vie 
with each other in showing them from all possible points of 
view. The six French specimens, forwarded by Messrs. Cundall 
and Downes (104—109), are all from Bouen, and comprise the 
d6orway of S. Maclou, and several portions of the Palais de 
Justice. The photographs taken in Spain by the same artists 
(110 — 115) will be founa more interesting because their originals 
are less known; though mostly only of "doorways," they furnish 
an instructive lesson in the peculiar architecture of their respec- 
tive perioils. 

Egyptian architecture reasserts its severe majestic dignity in 
the fragments from Denderah, Kamac, Philoe, and others, sup- 
plied by Mr. F. Frith, whose previous labours in this sphere are 
well known and appreciated. The series before us is, however, 
somewhat lacking in point df interest, owing either to the isola- 
tion of comparatively unimportant features, or to the small scale 
in which the general views are usually rendered. This remark 
does not refer, of courae, to the large and very elegant capitals 
which form the subjects of several sheets. In these we observe 
the peculiarly sharp yet severe outline of their ornament, which 
tells so well in the atmosphere for which they were designed. 

Carthace! who knows anything whatever of its ruins save 
through historical tradition? Yet Mr. Moens, with the aid of 
the wonderful discovery whose results we are contemplating, has 
contrived to bring before our eyes ancient aqueducts, large cis- 
terns, and a temple, which will not fail to excite the inspecUon 
of curiosity. Besides these, Mr. Moens sends some gleanings 
from Athens, Sparta, Mycenae, Sevastopol, Inkerman, Palermo, 
&c (156—164). r--» , , 

India, too, as we hinted before, is not forgotten; and Dr. Murray 
has proved a liberal contributor. Among the palaces, mosques, 
forts, and tombs which here find a place, perhaps the most noted 
is the far-&med Taj Mehal, at Agra, the peculiarities of which 



are t«adily diaoemible. The "Street View at Multra" (182) is 
curious, and equally charaoteristia On Screens Kos. 3 and 4 are 
other scenes from India, photographed by Capt Dawson and 
Capt. Dixon (453—488). The former sends some interesting 
groups from Trichinopoly, and the latter, several representations 
of those curious rock-cut caves peculiar to that country. 

From Scotland (and especially lona) and Ireland there are 
numerous photographs deserving of notice, but which we need not 
enumerate, as they will commend themselves at once to the 
observer; though we may just allude to the varieties of simple 
early arches pourtrayed in the photographs from the monastery 
and cathedral at lona, and the important series, by Mr. Church, 
jun., from Glasgow Cathedral. 

England, as may be expected, contributes by far the laraest 
proportion of illustrations; and the names of Boger Fenton, Bed- 
ford, Dolomore and Bullock, Cundall and Downes, and others, 
are a guarantee for their excellence. In this department there 
is a great accession of new subjects, interspersed among the old 
familiar ones; which latter, nevertheless, not unfrequeiitly appear, 
on this occasion, under slightly different aspects. Our noble 
cathedrals, especially, prove an inexhaustible field for photo- 
graphers as well as artists, as the walls of this exhibition testify; 
and the glimpses of their interiors which occasionally meet the 
eye, will be welcomed as more or less successful applications of 
the art Among the general subjects we are at a loss to particu- 
larise, but would name with especial commendation the views 
of Tewkesburv Abbey (79—84), and Shiffnal Church (85—89), 
all photographed by Mr. Delamotte; also the Saltash Bridge 
(91), by Messrs. Cundall and Downes; some interesting views 
from the Isle of Wight, by Mr. Gordon (116 — 122); numerous 
views at Furness and Southwell' (202 — 223), by Mr. Fenton; 
Messrs. Dolomore and Bullock's "Ely Cathedral" (296— 308); 
Capt Austin's "Canterbury Cathedral" (351—366), and Mr, 
Bedford's " Wells" and " BristoP Cathedrals (251— 260) (228— 
233); also his beautiful specimens of carving and iron scroll-work, 
fr(/m St Paul's Cathedral (237—250). These are es^^ecially valu- 
able, as being among the best specimens of their style — the work 
of Grinling Gibbon^ and others, — and as having never before 
been taken; this being indeed rendered practicable now only in 
consequence of the peculiar condition of the building at present 

The exhibition will be open daily until the 14th of March, and 
on Tuesday evenings from seven till ten, on which evenings lec- 
tures beanng upon the subject are in course of delivery. That 
on the 22nd of last month was ffiven by Mr. Joseph Bonomi, on 
"The Egyptian Photographs ;'^ and that on the 29th by Mr. 
PAnSon, on "The Photographs of French Kenaisaance Archi- 
tecture;'' while the remaining lectures are as follows: — Feb. 5, 
by Mr. Ashpitel ; Feb, 12, Mr. Pullan, on " The Photographs 
of French Gothic Architecture of the 13th Century;" Feb. 19, 
Mr. Fergusson, on "The Collection of Indian Photographs^' 
Feb. 26, Mr. E. B. Lamb, on "Architectural Progression;" 
March 5, Mr. Seddon, on "The Grott>sque in Art;" and March 
12, Mr. Burges, on " The Collection of Photographs generally." 



ON THE LARGE BLASTS AT HOLYHEAD.* 
By George Bobertson. 

Blasting operations may be divided into three distinct classes, 
according to the effect intended, and the intensity of the charge 
of gunpowder — 1st, Where rock has to be separated by weajL 
charges, with as little injury and fracture as fiossible, principally 
for building purposes; 2nd, Blasting for engineering works, as 
breakwaters, &c., where quantity and regularity of supply are of 
more importance than size and regularity of fracture; 3rd, Mili- 
tary blasting, where total destruction is aimed at, and where an 
excess of powder is little or no objection. 

In the first class, the charts of g^anpowder can hardly be too 
weak, so long as the stone be separated, and small charges are 
preferable to a large quantity at once — the object being to pro- 
cure stones fit for masonry, with as few cracks and shakes as 
possible. In the third class, the charge can hardly be too strong, 
the chief difiiculties being those of carrying on operations under 
an enemy's fire, with the speed and secresy consequent thereon. 
It is to the second class, that of " engineering blasting," that the 
following observations are directed. 

After describing the system pursued in working the quarries 
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hv large blasta, the calciilations will be given for regolatiog the 
charges, and lastly the coet of "getting and filling" stone on the 
large sode. In an engineering point of view tibe subject is one 
of considerable importance. 

The period more immediately referred to in the paper is from 
1850 to 1853, when the large blasts were first mtrodnced at 
Holyhead — ^the late Mr. Bendel being at that time engineer-in- 
chie£ After his death in 1856, Mr. Hawkshaw was appointed 
engineer. Mr. G. C. Dobson has been resident engineer since 
the commencement of the works. 

Since 1853 the large blasts have gone on regularly as matters 
of every-day occurrence, exciting litUe curiosity and giving little 
trouble. At first however they were the subjects of much 
anxiety and experiment, both in a practical and an economic 
point of view. The best method of working the quarrv on the 
large scale, and the calculations for the charges of powder, were 
not determined upon without considerable expense, danger, and 
even loss of life. 

The rock of which the breakwater is composed is a very hard 
quartzose and micaceous schist, slightly stratified; in some places 
bearing marks of former flexibility, the strata beine twisted and 
contorted in a curious maoDcr. It is intersected by vertical 
joints, running in a north-east and south-west direction, present- 
ing £n^s fronting the north-west and south-east. As will be seen 
hereafter, these joints were taken advantage of in fixing the posi- 
tion of mines, and in calculating the expected produce of a charge.' 

To supply the great demand for the stone required for a bank 
350 feet broad at the base in deep water, within a limited con- 
tract time, evidently necessitated the most vigorous efforts; and 
accordingly an extensive system of small shots was at first ar- 
ranged, giving employment to above 1000 men. The holes for 
these shots were of all sizes and depths, according to the judg- 
ment of the foremen of the quarries. For convenience sake the 
quarries were divided into portions, consecutively numbered, or 
were called by the names of the different foremen, as "Jones* ' 
quarry," " Fisher's quarry," &c. The boundaries were however 
ideal, as the face of the rock altered with each great blast. 

To avoid the danger and delay of firing shots at all times of 
the day, whenever the holes were ready and charged a general 
grand firing took place, twice, or if necessary thrice a day. When 
a large bell sounded the quarries were emptied of men, horses, 
cranes, and all plant easily destroyed. The fuses were simulta- 
neously lighted, on a red barrel being hoisted to the top of a tall 
mast. £^h man as he lighted his fuse cried " fire,** and made 
the best of his way by scrambling up ropes to a place of security, 
or to one of the bomb-proof huts erected for the purpose. As 
the face of the rock was often above 100 feet high, this was a 
service of no small danger, and accidents frequently happened. 

The average work done over the whole quarries, in drilling 
holes for the small shots, was 14 inches per hour, by three men 
using 1^-inch drills. The charj^es were regulated chiefly bv the 
" rule of thumb," or at most by the ordinary miuer^s rule of one* 
third of the hole, independent of the diameter — a rough rule, 
certainly, but better than so many " capfulls," the cap being a 
very common measure. Indeed, where 100 or more shots went 
off twice a day, it was impossible to be very particular. It is 
unneccessary to go into further details regarding these small 
shots. The system will be found fiilly described in Sir John 
£nrgoyne*s treatise on "Blasting." Wherever it was possible, 
powder was poured into cracks in the rpck, and the rent tamped 
as well as its form would admit. There was often a considerable 
waste of powder, but the shots were very effectual in bringing 
down large masses of rock. This system is pursued to great advan- 
tage at North Queensferry, in blasting columns of whinstone. 

About the year 1850, the contractors for Holyhead break- 
water, Messrs. Joseph and Charles Rigby, commenced a system 
of large mines, rightly conceiving that a quantity of powder 
fired at once would in the end prove cheaper, and afford a greater 
and steadier supply of stone, than a number of small shots. 
Since then the supply has been over 3000 tons per diem— often 
4000, weather permitting; 5000 tons a day was seldom if ever 
reached, not from want of stone, but from the difficulty of de- 
positing such a quantity during working hours, even with five 
lines of railwav on the staging. To do this requires 125 wag- 
ffons for each line of rails, or a total of 625, to be loaded, run 
down from the quarries, tipped into the sea, and drawn ud again 
to the quarries, every day. The waggons held about eight tons 
each, were made of wrought-iron, and furnished with tipping 
gear, which released the scoop when the trigger struck a catch 



on the rail The scoop was counterbalanced to return again to 
its original position when the stone was discharged. 

The first large shots tried were shafts sunk from the top of 
the quarry. They were about 6 feet bv 4 feet, of different depths 
of course, according to the height of the rock; and were charged 
with reference to the lines of least resistance, or the shortest 
distance of the shaft from the face of the quarry. 

As the danger of blowing out the tamping was greater than 
in small shots, from the increased diameter of the hole, care had 
to be taken that the depth of shaft was sufficient to allow the 
weight of the tamping to resist the powder. The rule was that 
the shaft should have one-third less grip (or distance from the 
face) than depth as a maximum; and the aepth was oftener twice 
the line of least resistance, or even more. This is however not 
so great a proportion as in small shots; but in the shafts the 
chamber at the bottom for the powder was bent to one side, so 
that the tamping was never in the direct upward line of fire 
(see Fig. 1). 

Fio. s. 
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Ghuige, tfOO lb. ; prodace, SOOO tona. EnlaiKed section of chamber. 

The most fiivourable position for a shaft is in the centre of 
a projecting column of rock, where (as in Fig. 1) the lines of 
least resistance are nearly equal on all sides. This mine (one of 
the first) was fired on Nov. 13, 1850, and was 42 feet deep, with 
half that, or 21 feet of least resistance on all sides. It was 
charged with 600 lb. of powder, and yielded 3000 tons of stone; 
one of the highest comparative results obtained, being 5 tons of 
stone for each pound of powder. An enlarged section of the 
chamber is given in Fig. 2. Had it not been for the remains 
of a previous blast on one side the result would have been 
even nigher. 
It is seldom that a shaft can be placed in so favourable a 

position as this, and 
JFig. 3 shows the 
most common, and 
the next best position 
— viz. that of blow- 
ing off a corner. I 
recorded this mine 
chiefly because it was 
an example of the 
effect of inferior pow- 
der. The depth of 
the shaft was 44 feet; 
the line of least re- 
sistance 30 feet; and 
Change, 1800 lb.; produce, 8600 tons. ^\^q charge 1800 lb. 

of powder. This only produced 3500 tons, or less than 2 tons to 
the pound of powder, in place of about 5000 tons, which good 

powder would have ^iven, 
and generally did give in 
so favourable a position. 
Fig. 4 shows a very 
common but very unfa- 
vourable position for a 
shaft, where a straight 
face of rock has to be 
broken up, and where the 
powder has to tear its 
way out under disadvan- 
tages. The miners call 
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" Hooter out." Charge, 900 lb. ; prodace, 2000 tons. 

this a " rooter out," and it was almost always placed so as to 
have a joint on one side which determined the line of fracture. 
The example shown (Fig. 4) had a depth of 44 feet, with a line 
of least resistance of 21 feet. The charge was 900 lb., and the 
produce 2000 tons, or 2^ tons per pound of powder. 
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The very worst position for a shaft is at a re-entering ande, 
or nearly so, as in Fig, 5, where the rock binds it in on ul sides. 
The ratio of powder for a mine like this had to be greatly in- 
creiued according to circumstances. 
Fie. 6. 
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A blew the tamping oQt ; B did not explode. 
The powder was not alwi^ys in one spot, but was often divided 
into two or three charges, placed at the end of galleries driven 
from the foot of the shaft, in directions determined by the neigh- 
bouring joints or cracks. In Fig. 6 for example, the whole 
charge, 8000 lb., was divided into P^ of 2800 lb., and P, and P^, 
each of 2600 lb. The depth of the shaft was 67 feet, and the 
line of least resistance 42 feet This mine produced 2^,000 tons 
of stone, or nearly 3 tons of stone to the pound of powder. 
Fig. 6. 





Change, 8000 lb. ; produce, 28,000 tons. 

It is to be noticed that in most cases it is better to spread the 
powder along the face of the rock in two or more charges, than 
to have the whole in one spot with a greater line of least re- 
sistance. In the latter case the rock is thrown forward in larger 
masses, and is neither so well broken up, nor does the heap pre- 
sent so manv points of contact for the waggons to load at It 
was found irom experience that 30 feet was about the economic 
limit for the line or least resistance, and the powder was seldom 
at a greater distance than that from the &ce of the quarry. 

Occasionally two separate mines with their respective shafts 
were fired simultaneously side by side. There was some little 
dancer of the two shots (which were fired by a galvanic bat- 
tery) not going off together. This actually occurred on the 24th 
Feb. 1851, when two contiguous shafts were to have been fired 
at once; but owing to the accidental fracture of one of the bat- 
tery wires by a previous small shot, B (Fig. 5) did not explode. 
The mass of rock in front was too great to be moved oy A 
without the assistance of B; and the whole tamping in A was 
blown t)ut An immense shower of stones was hurled into the 
air to a great height^ and fell amongst the spectators, who lined 
the side of the mountain. Strancre to say, the only person 
seriously hurt was the gentleman who had planned and directed 
the mine, Capt. Hutchmson, of the Royal Engineers. He was 
struck down' with a broken thigh, and died the same night His 
wife and several ladies, who were talking to me at the time, had 
their clothes torn by great stones falling on them, but escaped 
with some trifling injuries. Capt Hutchinson had had great ex- 
perience in blastmg, havins been engaged both at Gibraltar and 
at Dover, when the Bound Down Cliff was blastifd in 1845. 



THE PRESERVATION OF STONE AND FRESCO- 
PAINTING. 

The attention which this subject has lately received, and the 
full discussion which from its importance it merits, wUl give an 
interest to the article which we reproduce from a recent number 
of the EncydopMie, It may not oe out of place to remind our 
readers that in none of the localities enumerated as poneadng 



snccessftd examples of the use of M. Dalemagne's inveotion is 
the climate at all so injunous in its eflfects upon building stone 
as that of London, and other lai^ towns and cities in Oreaift 
Britain where large quantities of coal smoke mix with the atmos- 
phere and impregnate the rain-water with active chemical agents. 

"On the SUieaHng of Stow, applied to the Preservation and Jteitoratiott 
of Worh of Antiquity. 

It is long since we originally indicated to our brother architects (eon- 
freret) the process, now univeraally known, by means of which M. Dale- 
magne has succeeded in arresting the decomposition of calcareous stones, 
by means of, so to speak, infusing fresh blood into them. 

We crave permission to quote some lines of an article on this subject 
that appeared in the number of the Encydop^dit for November 1853. 
We then said, * The experiments (of silicating) made in the courtyard of 
the Louvre, ajid which we have carefully examined, have appeared to us 
conclusive. At the base of Lescot's facade, parallel to the Seine, one 
course in a very bad state of preservation, which has been only partially 
saturated, enables one at a glance to form an opinion how far the process 
is efficacious. While the portion not operated upon remains pulveruleiit 
and friable, that silicated has acquired great powers of resistance, and its 
decomposition has been arrested. 

After a lapse of seven years we have again seen this piece of stone, and 
have with satisfaction noted the fact, that Time the great destroyer has 
not been able to penetrate the protecting surface formed by the silicate. 
It is with pleasure that we now find ourselves in a position again to pnb- 
^sh this interesting result. 

Silicating is however too well known now for it to be other than super- 
flaous to recommend its employment to architects; and the works earned 
out by M. Dalemsgne on the cathedrals of Paris, Amiens, and Chartres, 
at the Loavxe^ the Ecole des Beaux Arts, the palaces of the Luxembouig, 
VersailleB, Fontainebleau, &c. — ^these works, we repeat, are too decisive 
for a single word to be needed in addition. 

We have been induced to return to this subject in consequence of a 
new application, also very interesting, of M. Balemagne's process, which 
consists in the use of a sOiceous cement, not only intended to preserve 
the stone, but in certain cases to replace it. This cement, composed of a 
mixture of pure silica with silicate of potash, has been lately successfully 
tried in the chim>h of St. Denis, under the direction of M. v ioIlet-Leduc; 
and has been made use of by M. Villeminot, a sculptor of much merit, in 
the restoration of the statue of Charles Martel, in which instance it has 
acted well, both in the restoration of portions missing, and in cementing 
together' others. A few days, even a few hours, sufficed to give it a 
hardness exceeding that of stone; and the cohesion of the cemented por^ 
tions appeared to us proof against any attack. 

Another trial of this cement has oeen recenUy made by M. Bahard, 
for the restoration of the sculptures of the Fontaine des Innocents. We 
have not so closely examined the results of this operation, but we are 
assured that they are not ledl satisfactory than at St. Denis. 

We congratulate M. Dalemagne on having been able to place a mate^ 
rial at the disposal of the architect which is none the less valuable f6r us 
that its office is an humble one. We wish to this cement the same fot^ 
tune as has fallen to the lot of its elder brother the silicate; and we form 
this wish all the more heartily, because a new success would be the due 
recompense of the persevering efforts and conscientious exertionB of the 
inventor.'* 

In the December number of the same journal a letter fr^m 
M. Dalemagne himself is inserted, disclaiming the credit of 
being the inventor of the silicating process, but living the credit 
of it to M. Fuchs, of Munich, whose name has also been brought 
forward in this country when the subject has been broached. It 
appears however, that notwithstanding the modesty of this dis- 
claimer, M. Dalemagne really did first introduce that application 
of the cementitious qualities of silicate which forms the cement 
alluded to. He observes, referring to Fuchs, that "he had written 
that silicate would form an excellent mineral glue, and I have 
found that by combining with it silica reduced to an impalpable 
powder, in proportions varied to suit the nature and composition 
of different stones, together with the powder of the stones them- 
selves, a cement is obtainable the strength of which will stand 
any tests." 

The letter refers to a further invention of Fuchs, called Stereo- 
chromy, or monumental painting in silicate, probably a variety 
of fresco. This plan, it is said, has been practised by Eaulbach 
and Eichter, at the Berlin museum, and a description of the mode 
of procedure is in course of publication. It seems to us, that if 
this process can be depended upon to afford a good and permanent 
vehicle for fk^sco-painting, it will be well worth attention in this 
countiv; for our attempts to introduce this style, unquestionably 
the noblest manner of painting, and one almost inseparable from 
the highest class of pictorial art, have been rendered almost nn- 
gatorr by the diflUculty experienced in getting a plaster that 
would entirely withstand the action of time and moisture. 
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ON THE ARRANGEMENT OF CHURCHES* 
By A. W. Blomtield, M.A. 

My object in the paper I am about to read will be to take a 
praotioal oommon-iiense view of this deeply interesting question, 
both with reference to the ritual of the Church of England as it 
now exists, as idso to the peculiar exigencies and requirements of 
our own times, and the means at our command for meeting them 
in the most natural and straightforward, and therefore in the 
best manner. In following out this plan, time would fail me to 
enter into any detailed description of mediaeval or earlier church 
arrangements, or even to allude to them, except so far as I find 
it necessary to do so in illustration or support of my views. If 
my remarks therefore fail to take the interesting line of archno- 
logical research which might have been expected, it is not that I 
at all underrate the high importance of this line of study in all 
its branches, but that I take it for granted every one who aspires 
to the honour of being a church architect habitually pays especial 
attention to it; and we are therefore at liberty this evening to 
devote ourselves to the present and future rather than to the 
past Thus also I have avoided a very interesting branch of the 
subject which was open to me — viz. the symbolism of church 
arrangements; not because I slight the study of it, but because I 
think it involves questions scarcely practical enough for our 
evening's discussion, and because I think a system of mystic 
aymbolism (beyond that which explains itself at once by familiar 
use, or as distinctly scriptural) when it is merely based on human 
fiuaoy and ingenuity, is in this age as much a toy and dead letter 
as the science of heraldry is amongst the sciences. 

What I propose to consider then is — First, the influence which 
onr ritual as it at present exists ought to have on the architec- 
tural features and character of our churches; in what manner it 
ought, in other words, to make itself felt in the building; and 
whether we are in the habit of paying sufficient attention to this 
point. Secondly, the customs, wants, and requirements of modem 
congregations as compared with those in the former ages of the 
church. Whether those customs, wants, and requirements are 
to be ignored and slighted, or whether they ought to be met; 
and if so, whether we ought boldly to acknowledge the means 
we employ, and make the most of them, or to conceal them, and 
as far as we can apparently dispense with them altogether, be- 
cause they do not fall in with preconceived notions as to what is 
** ecclesiastical." It will be observed that I place firet the ques- 
tion of the influence our ritual ought to exercise on church archi- 
tecture, because, if that can be determined we may, I suppose, 
safelv say that what has nothing to do with our ritual is not 
abeoluteiy necessary to give due expression to a church, or, in 
other words, is not intrinsically ecclesiastical. 

The firat reformed English liturgy was produced in 1549, and 
was followed in 1552 by a second, which is nearly identical with 
our present Book of Common Prayer. Since that time it has 
undergone several authorised examinations, and some few changes 
of importance have been made in consequence, but in all essential 
points it continues the same. Thus it will be seen that precisely 
at the time of the great change in our church services the know- 
ledge and practice of the true principles of architecture had 
paraed through their last phase, and died out, so that the only 
object of the Heformera naturally was to obliterate as far as pos- 
sible all traces of the Romish rites and ceremonies in their 
churches, without any thought of what might be preserved or 
adapted as expressive of the new liturgy. Since that time church 
building has gone through many curious changes, and remained 
for a long time at a very low ebb; and although no one can 
doubt that we are in the right road now, how few churches have 
as yet been built that can at all bear comparison in point of inte- 
rest and a certain instinctive sense of complete fitness, even with 
the plainest churches of the best mediaeval periods 1 Let us con- 
aider what is the cause of thi& 

. When we hear a new church discussed, the points usually 
touched upon are the accommodation, the cost, and the quality of 
the design. We hear, perhaps, that sittings are provided for 800 
or 1000 persons, and that it cost so much, — very cheap, or very 
expensive, as the case may be. Then we hear the particular 
style adopted, the height and treatment of the roof, the richness 
of the aeooration, and the originality, if there be any, of some 
part of the design, with numerous other details; but we seldom 
«— I think I may almost say, never — ^hear a church commended 

* Pftper read before tbe Architectanl Anodtion. 



because the building itself, independently of its furniture, gives 
expression to every part and detail of our services. I do not 
mean broadly to assert that none of our modern churches do give 
such expression, though as a rule the^ certainly do not; but I 
mean to say, that when such an exceptional church is met with, 
people do not appear really to know why they like it: they think 
It original and clever, but they cannot exactly say why it inte- 
rests and satisfies them more than larger and costlier buildings, 
or whv, without any copyism, the architect seems to have suc- 
ceeded in catching the true spirit of Mediaeval architecture. Now 
I think, that unless we discover the element of his success, and 
recognise it as a principle not lightly to be infringed, we shall 
not make much progress in church building beyond the point to 
which the revival has already carried us. Do not suppose that 
I am ])resumptuous enough to speak disparagingly of what has 
been done and is now doing, nor to imagine that I can tell you 
anything new and startling on the subject of church arrange- 
ments; but I cannot help tbinking that there is a good deal of 
misapprehension and false feeling afloat on this question, and the 
more we can work together and mutually assist each other to 
recognise true principles, and sift them from unfounded preju- 
dices, the better prospect have we of that onward progress with- 
out which art must decline and die. 

I suppose we have aU felt, in comparing old and new churches, 
that there is often a deep sense of interest and continued satis- 
faction in exploring an old church, although it may be very plain 
and simple, which is totally wanting when we visit a neighbour- 
ing modern church, apparently its superior in all the ususd archi- 
tectural features. This is generally attributed to the charm of 
antiquity and the sentiment of association; and these feelings no 
doubt have their due weight But there is something beyond 
this, which I believe to be the existence in the old building of a 
principle, apparently instinctive in the mediaeval architect, which 
IS too often, I cannot but think, overlooked by us. The principle 
I allude to may sound absurdly trite and hackneyed, but it can- 
not be too often repeated until it is better attended to : it is 
simply, that a building should Moctly express its purpose, or in 
other words, in the case of a church, that the bare walls or actual 
skeleton, before a bit of furniture is introduced into it, should 
bear the distinct impress of every part of the ritual existing at 
the time of its erection, and should give expression to all cere- 
monies and forms of worship about to be celebrated in it. Thus, 
it may well be regretted in a purely architectural point of view 
that we are forbidden to erect stone altara: they were removed 
in 1550 to make room for communion tables, and though we may 
deplore we can scarcely wonder at the measure. Mosheim in his 
* Ecclesiastical History,* remarks, " Posterity may regret this 
diange as needless in itself, and an injudicious sacrifice of a vene- 
rable decoration; but contemporaries alone can adequately judge 
of such questions, and they (the Beformers) had undoubtedly a 
degree of difficulty in weaning the people from inveterate supei*- 
stitions, which rendered all incentives to them obnoxious.'* But 
though our altara may not be of stone, we still may, and no doubt 
ought always, to mark by some constructive feature the exact 
position of the holy table, — not necessarily elaborately and expen- 
sively where funds will not allow it, but at any rate distinctly 
and thoughtfully; and let us always remember that, on no higher 
than artistic grounds, a little extra cost here at the expense of 
the body of tlie church will have far more value than the same 
amount expended in a spiinkling of meagre and uniform decora- 
tion over tne whole building. I do not wish in a paper of this 
kind to say too much upon the higher grounds for making this 
the point of attraction in the church, nor to insist at too great 
length on the credence table, piscina, and sedilia as architectural 
features, seeing that these are, after all, only adjuncts depending 
on particular forms and methods of celebration, the propriety of 
which this is neither the time nor place to discuss. But the 
principle of always expressing the position of the altar by a solid 
reredos depends simply on a question of £wjt, — " Is the most 
sacred and solemn portion of our ritual celebrated there, or not?" 
If it is, the building itself should bespeak the fact 

To proceed next to the Font Although the orthodox, tradi- 
tional, and symbolical position of the font near to the western 
entrance is now very generally adhered to, I have heard a great 
many different opinions amongst the clergy as to its convenience. 
Amongst othera Mr. Pettit remarks, " Where the font is suffered 
to retain its original position it is generally found near the 
western entrance, and this without doubt is the most appro- 
priate spot for a ceremony denoting admission into the church; 

II 
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yet there ma^ often exist sofficieiit reasona for placing it else- 
where. And it is of far more importance that we shooM regard, 
both In position and design and the actoal size of the font, the 
great solemnity of the rite which is administered in it, than that 
we restrict its locality to any piarticular part of the building." 
Wherever it is placed^ its position should at any rate be well 
defined and expressed by some modification or exceptional fea- 
ture in the architecture, so that there may be a perpetual and 
ine£faoeable protest against any future remo\nEd by a reforming 
churchwarden or a new incumbent. 

I know an instance, by the way, of a font in a lai^e modem 
church, which has been moved from east to west and l:^k again, 
three times in as many years; and in this case, as £eu: as the build- 
ing goes, one place is as appropriate as the other. It would of 
course be inconsistent with the custom which prevails of ad- 
ministering baptism during divine service, to place the font in a 
distant baptistery where it could not be seen by the congre^tion; 
but if a little thought be bestowed on it, we shall generally find 
that some distinctive feature may be introduced which will add 
interest and beauty to the churcn and fulfil the purpose I speak 
of, without cutting off the congregation from participation in 
the service. Mr. f ettit, a little further on in the passage I 
Quoted just now, supports the principle of making the font as 
rar as possible a part of the building, and not an appendage. 
He uses this last term in speaking of the font, and then inmie- 
diately adds — ^* An appendage indeed I should not call it, as in 
old times it was considered the very heart and nucleus of the 
church, erected often long before the walls and roof which 
were to cover it The well-known font of St. Martin's at Can- 
terbury, is evidently much older than any part of the present 
building, and it is not improbable that it even preceded former 
ones. In Nor bury Church the font is decidedly Early English, 
none of the building bein^ earlier than late Decorated— most of 
it of the latest Perpendicmar. 

There are of course numerous examples in churches built of 
late years in which the font is given its proper importance, and 
has a well-defined and yet prominent and open position given 
to it An arrangement of the kind has been admirably managed 
in a small churcn in Suffolk, lately built by Mr. Scott, where a 
round tower (after the fashion of the peculiar round towers of 
that county) is placed at the west end. It is vaulted with stone 
internally, and forms an appropriate baptistery. But having 
noticed the principle, I will not take up time by multiplying 
examples. 

Let us pass next to the consideration of the Beading-desk and 
Pulpit. Kow, although these two play, if not the most import- 
ant, certainly the largest part in our services, it is not often 
that we find one or the other treated as part of the building, 
or influencing its constructive details in any way. They are 
usually pieces of furniture which give no more impress of cha- 
racter to the building than the seats of the congregation. The 
exact position of each, and even the design, are generally not 
settled until the church is nearly completed; perhaps indeed 
it is foi*tuDate sometimes in the case of the pulpit, as instances 
might be found where, through inattention to acoustic require- 
ments in the first instance, a ^ange in its position is absolutely 
necessaty. But supposing the pulpit is of stone and the reading- 
desk on a stone plinth, this is not all that is required to meet 
the priuciple we started with, unless they form part of the build- 
ing. You may have stone furniture as independent of it as 
wooden furniture; and with regard to the readiug-desks, archi- 
tects unfortunately find a great difference of opinion among the 
clergy: one wants a large desk looking north and west; another 
wishes the whole desk to face the west; and a third wishes per- 
haps to read prayers from a small desk in the chancel seats, 
and the lessons from a movable lectern. Without venturing to 
express an opinion as to what is absolutely the right form of 
reading-desk in a ritualistic point of view, I feel a strong con- 
viction tliat, architecturalljr speaking, wherever prayers are 
habitually read by the minister, the building should give some 
indication of the fact We have before us the well-known exam- 
ples of the arrangement of the early Christian basilica, where 
we find this principle carried out in every point as completely 
as could be done in adapting a building originally designed for 
secular purposes to the requirements of public worship: such 
parts of the building as could be still used in Christian wor- 
ship were adapted, and what was wanting was added architec- 
turally, and incorpoi*ated in the building as far as possible. 
Thus,' the bishop and presbyters, as you know, took the phtoes of 



the pr»tor and his aasesaors^ the Boman altar became the Chria- 
tian holy table, and a quire was thrown out into the nave, 
inclosed on three sides by low walls. The ambos, from which 
the gospel and epistle were read, were actually built into these 
inclosing walls, and thus made part of the church. The church 
of San Clemente, at Home, as you all know, shows in the most 
perfect manner the arrangement of the early basilica. Although 
rebuilt in 790, it was exactly on the original plan, and it it 
owing to the fiict of all the ritualistic arrangements being abso- 
lutely solid and architectural, and not merely movable fumitnre^ 
that we are able at this time to understand fully the allusions and 
descriptions of early writers Those who have not seen the church 
itself to judge of the eloquent manner in which the building speaks 
its purposes, will find it illustrated and described in Gaily Knight| 
and in Fereusson's ' Handbook.' 

Now, although t-he ambos do not exactly answer to our read- 
ing-desk, yet their uses were sufficiently similar to justify the 
ai^ogy, and I think we may well take a hint from them. There 
is a good reason for the lectern to be movable in the fact that a 
layman sometimes reads the lessons, as is the custom in college- 
chapels, and not unfrequently in village churches, but I think 
we ought certainly to make the prayer-desk an architectural 
feature. 

Next as to the pulpit At least two sermons are preached 
from it every Sunday in most cases, so that I suppose the 
preaching of sermons may be considered a fixed and essential 
part of our services, and if so it ought undoubtedly to find ex- 
pression in the architecture of the church. Now here, where wa 
are at perfect liberty to look for assistance to the best times of 
art (seeing that the conditions for addressing a congregation 
must be much the same in all ages and for all creeds)---here, 
where we should find plenty of assistance if we did look for it^ 
we seem to neglect it in an unaccountable manner. I will just 
read a short extract fi-om Yiollet-Leduc's < Dictionary' on thia 
point, wliich exactly illustrates my remarka In tlie article on 
* Pulpits' he says — "In France none of our ancient churches 
have, as far as we know, preserved any pulpits of an earlier dato 
than the fifteenth century. It was customary from the oooh 
mencement of the twelfth century in our northern churches to 
arrange a rood-loft at the entrance of the choir, from the top of 
which the epistle and gospel were read, and exhortations ad- 
dressed to the foithful when occasion served. In every case 
these sermons, before the institution of preaching friars, only 
took place occasionally. It is probable that in particular cases 
sermons were preached from a movable pulpit, arranged in some 
part of the church for that occasion. The pulpit was then only 
a little wooden stage, closed on three sides, and covered in front 
with a hanging. But in the thirteenth century, when the 
preaching orders had been established, to combat heresy and to 
explain to the people the truths of Christianity, preaching be- 
came a necessity which the architectural arrangements of re- 
ligious edifices were compelled to obey. Exactly to fulfil these 
conditions the DonKnicans and the Jacobins, amongst others, 
built churches with two naves, one being reserved for the monks 
and divine service, and the other for preaching; then the pulpits 
became fixed, and entered into the construction. They formed| 
as it were, a balcony projecting into the interior of the church, 
carried on corbelling, accompanied by a niche taken out of the 
wall, and generally lit by little windows. Access was gained by 
a little staircase contrived in the thickness of the wall." Thus 
we see the thirteenth-century architect at once felt instinctively, 
that when a sermon became a thing of fixed and regular recur- 
rence instead of an occasional address, he must express the fact 
in his building. It was no longer sufficient to provide a little 
movable wooden stage closed on three sides, but he must con- 
trive a balcony, or some architectural featare that should dis- 
tinctly proclaim its original use as long as the building should 
stand. There is an instance of such a pulpit in the south of the 
nave of the great church of the Jacobin convent at Toulouse. 
It has lon^ been disused, the balcony and corbelling shaved ofi^ 
and the niche blocked up, but still there are evident remains, 
and you must pull down the building before you can obliterate 
the traces of what it has once been. As I said just now, a par- 
ticular form of pulpit can have no more to do with creed or doc- 
trine than a particular kind of brick or stone in a building 
(although I have heard a stone pulpit objected to on principle^ 
and if this method of treating a pulpit was right in the thir^ 
teenth century, it is right now. We ought to feel as instinc- 
tively as the architect of that day that '* a wooden stage closed 
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on three sides," in fact any sort of pnlpit not entering into the 
oonstrnction of the church, does not thoroughly satidfy a prin- 
ciple we all acknowledge in the abstract 

The examples of ancient pulpits treated in this thoroughly 
common-sense manner are very nnmeroos, bni we must not 
confine our search after the earliest and best examples to the 
interior of churches; we shall find some of the best in the refec- 
tories of monasteries, used for reading to the monks during 
their meals. A very fine example of tnis kind of pulpit exists 
in a building (formerly the refectory) attached to the cloisters at 
Chester, and now used as a school. It is well worthy of careful 
study, and gives a peculiar character and interest to the building. 
The woodcut in Viollet-Leduc of the beautiful pulpit in the refeo- 
toiy of St. Martin des Champs is, I presume, familiar to all. 
We find a great variety of later examples, both in the interiors 
d churches and exteriorly in the cloisters and elsewhere, such 
as the well-known examples at Beaulieu, Magdalen College, Ox« 
ford, and St Lo, in Normandy. There is one peculiarity about 
nearly all ancient pulpits which, although belonging more 
strictly to the second part of the subject, I will allude to now 
as forming part of their construction, — it is that they nearly in- 
variably have what the Prench call an abat-v(nx, or voice-reflector 
(to avoid the obnoxious term of "sounding-board"). Where 
part of the pulpit was formed by a niche or recess, the roof of 
the recess of course acted as one; but if attached to a wall or 
pier, some covering was almost always added. "For pulpits," 
says Viollet-Leduc, " erected in the open airj or in churches, the 
necessity was soon felt of suspending a ceiling over the preacher, 
to prevent the voice from losing itseJf in spAce.'' This is actually 
now done in the large churches in Italy, with exceedingly pictu- 
resque effect, by suspending a large cloth or awning by the four 
comers over the pulpit I only mention these facts because 
there seems to be an unfounded prejudice now against sounding* 
boards altogether. This is probably owing to the monstrous 
erections of the last century, which seem by some suspension of 
the laws of nature to be balancing themselves on one corner, 
and to be ready at a moment's notice to shut down on the 
preacher like the lid of a trap. Although apparently of enor- 
mous weight, they are generally in fact made of thin wood, and 
comparatively light, and are altogether shams and abomina- 
tions; but because they are bad in design, I see no reason why 
the use of sounding-boards should be condemned idtogether. 
Those of you who heard our president's admirable paper on 
•'Acoustics," * lately read, will have heard that they have a 
decidedly beneficial effect in many instances; and I think that, 
though in most cases it may be unnecessary, where there is any 
reason to suppose it may serve a useful purpose it would be much 
better for the architect to incorporate it with his design, and put 
it up at once with the pulpit, than to run the risk of his work 
beine disfigured hereafter by its addition. In a church with 
whicn I am well acquainted, a fine building only lately finished, 
a ■Donding-board has been addid to the pulpit within the last 
few months with exceedingly bad effect, cutting as it does into a 
beautifully carved capital; but the acoustic improvement is so 
great that we have co overlook its ugliness. I do not know 
whether the architect of the church was called upon to mar 
his own design in this instance, but I think it is a case where a 
sounding-board originally designed by him as part of the pulpit 
might have been made not an uupleasing feature. 

There is still another part of our services which requires notice, 
and that is the musical portion. The only point about it which 
I wish to enforce in this division of the subject is this: as an 
organ is now an almost invariable appendage to a church, and 
is generally considered necessary to tlie proper and decent cele- 
bration of our service, it should impart a distinctive character 
to that part of the building which is destined to receive it. I 
am aware that this is frequently attended to in modem churches, 
and always I think with a satisfactory effect; I could name in- 
stances of churches where such an arrangement has always ap- 
peared to me to give the chief interest and charm to the building. 
In small village churches whei*e an harmonium takes the place of 
an organ, a recess in the thickness of the wall may be contrived 
with very good effect, at a small cost, and with unmistakable 
fitness of purpose. 

I have thus briefly and imperfectly noticed some of the points 
to which we should all give especial attention in order to make 
our churches what they ouffht to be — the architectural expres- 
sion of the ritual of the Church of England. Let us now take 
* See Joornal ante, page 2. 



a very cursory view of the other bnnch of the subject, namely, 
the customs, wants, and requirements of modem congregations, 
and the effect they ought to have on the architecture of our 
churches. 

To begin with, I think that (arguing from the analogy of for- 
mer ages) we may lay down the principle that respect for pre- 
cedent and sentiments of association should not prevent us from 
discarding any peculiarity of constractioh or arrangement that 
is found distinctly inconvenient or unsuitable, and which does 
not express any part of our ritual. As a simple illustration of 
this principle, we find that the questionable associations which 
must still have clung to the heathen basilicas, did not prevent 
the early Christian congregations from transferring their re- 
ligious services to them from the baptisteries, which are now 
believed to have been the original ritual churches. This, of 
course, could only have been done because the hall of the basilica, 
with its side aisles, was found to be much more convenient 
for the decent celebration of their services than the circular and 
octagonal baptisteries. In the same way, I think that in anv 
point where convenience is at stake we ought not to be too much 
confined by the precedent of Mediaeval architecture. Neither 
our ritual nor our congregations are the same as those for 
which our ancient churches were built, and it is scarcely to be 
expected that if they were exactly suited to one that they would 
be equally so to the other. We have seen that at the Eefor- 
mation, Gothic architecture had arrived at its last stage. King's 
College Chapel, its last great effort, commenced a century before, 
had been finished about twenty years; and there can be little 
doubt that had it been possible for a new and true architec- 
ture to have sprung up with the Beformation from the ashes 
of the old, we snould have had churches as beautiful but as dif- 
ferent from the Mediieval buildings, as they in their turn were 
from the early Christian basilicas. 

Beyond the absolutely essential division of nave and chancel, 
I do not wish to occupy your time by saying much about con- 
venience of plan. This is a question which must depend so 
much on peculiarities of site and the number of the congrega- 
tion, as well as other points, that it would form a long paper 
in itself. Those eccentric varieties in the form of theatres and 
lecture-halls I need only allude to, as I hope we are all agreed 
that turning a church into a great auditorium is not only sub- 
versive of all J roper ritual expression in arrangement, but ren- 
ders it almost impossible to conduct the service in a decent and 
reverent manner. 

At this point however it will be as well to take some notice 
of the vexatious question of galleries. We all know the num- 
berless objections to them, and I suppose no one would employ 
them by choice, but where they become actually a necessity— 
which is often the case — they should certainly be located as part 
of the construction, and their presence should be expressed ex- 
ternally. Gi*eat care should of course be taken as to their height 
and the steppings of the seats, so that they may neither over- 
power the church by being too high, nor oppress the occupants 
of the aisles by being too low. A flat ceiling under the galleries 
will be found to to much better for acoustic purposes, and 
more satisfactory to the eye than an inclined one. There is one 
position however for a gallery which is, in some churches, 
almost unobjectionable, from its answering two good purposes — 
one, that of breaking up and dissipating the sounds from the 
east end, and preventing echo; the other, that of clothing the 
conspicuous bai*eness of the west wall, which in many churches 
is far from agreeable. 

To return fi-om this digression: let us start with the acknow- 
ledged necessity of a nave for the congi'egation, and a chancel 
(not too deep) for the clergy and choir; and let us take a modem 
congregation of, say 1000 pei-sons, and consider the wants and 
reqnii-ements we have to meet The first thing to be noticed is, 
that according to received notions the seats must be fixed; and 
if we may judge from the serious inconveniences which attend 
the use of chairs where they have been tried, they are not likely 
to come into general use, except as a temporary expedient. The 
next requirement is, that all the congregation should have an 
uninterruped view and hearing of the officiating minister. It 
may not seem at first evident that an uninterrupted view is ne- 
cessary, but in point of fact nothing is so difficult or irksome as 
to keep up one's attention to a speaker who is unseen. Tliis 
applies of course chiefly to preaching. 

The next requirement, whether right or wrong, is that no 
one should feel too cold or too hot, and that there should be 



44 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



Oreb.VS8|l 



SO draughts m the church. It may seem to many beneath the 
dignity of this subject to notice so triviid a detail, but as a 
matter of &ct it will be found to be considered a most important 
thing, and it is not for us to decide whether it is right or 
wrong. If the the age demands warming and ventilation, we 
must give it them. 

Now let us compare with this mediteval and earlier congre- 
|;ations. The warming of churches may be considered, I suppose, 
m the first place, quite a modem luxury; next, as to seats, in the 
basilicas there were certainly no fixed seats except for the clergy 
"—the congregation, whether standing or kneeling, arranged 
themselves round three sides of the choir. No one would then 
place himself by choice immediately behind a column, a defect 
unfortunately unavoidable in a modem aisled church with fixed 
seats. In our mediaeval churches, on the other hand, distinct 
hearing of the services was a matter of no particular moment, 
as the loss of a syllable or so of an unknown tongue could not 
interfere with the devotions of the faithful, and sermons did not 
form a regular part of the services, as they do with us. I am &r 
from wishing in large churches to abandon aisles, and substitute 
a large nave under one roof^ being of opinion that the form of 
nave and aisles, which is hallowed by so many centuries' use in the 
Christian church, is also the most convenient for the decent and 
reverent celebration of our services, for hearing and for economy 
of space, or rather cubic content. There is however one defect 
in our system of aisles which we are bound to remedy as far as 
we can, namely, the obstruction of view caused by the columns. 
I am aware that many architects think this practically nothing, 
but I have tried the experiment many times myself, and can 
therefore assert that in an ordinary aisled church there must 
always be a large proportion of sittings cut off from the view of 
either altar, reading-desk, or pulpit. The effect is practically 
very disagreeable, and, to my mind, inconsiBtent with the con- 
scientious carrying out of the principles we profess. It appears 
to me that there are only two ways of overcoming the defect- 
one bv no longer employing fixed seats, the other by diminish- 
ing the columns to such a diameter that the slightest movement 
of the head of anyone placed behind it will bring the minister 
into full view. The largest diameter which can be employed to 
effect this is from 9 to 10 or 11 inches. Now it is obvious that 
such columns can only be safely obtained by the employment of 
a material which has long been used without scmple for similar 
work in every modem building except a church, — 1 allude of 
course to iron. There seems to be an extraordinary feeling 
afioat against an iron column, as unecolesiastical and ugly. Now 
to say it is uneoclesiastical is nothing more or lees than narrow- 
mincfed prejudice; and to say it is ugly is only to acknowledge 
our own shortcomings in havinc left it so so long. In defiance 
of art critics, the civU engiqeer has long decided that it is good 
construction, and it is high time for the architect to take it in 
band and make it good art. I believe a check has been given to 
progress in this really n-and and almost new field of design, 
artisticallv speaking, by the solemn denunciations levelled against 
the use of iron in architecture (except as a tie) by an eminent 
authority a few years ago. The argument gravely advanced in 
BUpi)ort of his views — namely, that we find no mention of iron 
architecture in the Bible — might as well be used against stained 
glass in decoration. Whatever may have been the cause, it is a 
tact that church architects, until quite lately, have appeu*ed 
to be ashamed of the use of iron as a coustractive material 
In cases where it has been used for colunms, it has usually been 
fix)m motives of economy, and instances are not wanting (happily 
no recent ones) where it has been neatly painted and sandea in 
imitation of stone. If used at all, the material should of course 
be treated as what it is, and I cannot doubt that, if properly 
handled and elaborated, iron columns may be made Wutiful and 
attractive features in church architecture. It may be thought 
a very great innovation to gain but a small advantage, but there 
is a true principle involved in it I do not see why an iron 
column (which cannot have lees to do with our ritual than a 
stone one) should be thought unecdesiastical, nor why it need 
be ugly; nor do I like to hear distinctly useful and convenient 
materials and modes of constmction objected to simply on 
grounds of precedent and association. One objection I have 
heard raised against them is the bad proportion tney would bear 
to the superincumbent walls, but tnis again I believe to be, 
according to true principles, simply a question of association. 
In using a new material in a new position we must create new 
feelings of aasociation for onrBelves. If a few good examples were 



erected, people would soon begin to get used to the proportion, a&d 
to like the uiing, as undoubtedly right and full of purpose. 

Before leaving the question of association I have a few words 
to say about church warming. As I just now remarked, we find 
that this is a most important point, and nothing dLa^usts a con- 
gregation so much as finding themselves in a cold, draughty, or 
ul-ventilated church, where the ladies cough all the winter, and 
faint all the summer. You need not fear that I am now goins 
to enter upon any discussion of the best means of warminff and 
ventilating. I merely wish to point out that we perhaps ouener 
than necessary increase our difficulties, and impair the perfect- 
ness of the system adopted, by thinking it right to hide away as 
much as possible all the paraphernalia of chimneys, &c. For in- 
stance, I want a chimney for the vestry and one for the warming 
apparatus, but I am afraid of making a good stack, and Garrving 
them to the proper height, lest anyone should tell me I nave 
given my church too domestic a chaoracter. Ouglit I not rather 
to consider, that when we insist on introducing domestic com- 
forts into our churches, that fact must, under an intelligent 
architect, come out distinctly in the character of the buildinff ? 
Our congregations cannot hd provided properly and truthfully 
with the comforts and luxuries of home without paying for it 
by the disfigurement — ^if it be a disfigurement— of their lurches 
by domestic features. 

The next consideration, convenience of hearing, has just been 
so fully discussed by our president in his admirable paper that 
there is little left for me to say. I fully agree with his re- 
marks on the acoustics of churches, and I was particularly 
struck with the opinion he expressed as to open roofs and lofty 
naves, contrasted with a low proportion and boarded ceilings, as 
completely coinciding with my own conviction on the subject, 
based on observation and comparison of many buildings. We 
must recollect that, in making observations on the acoustic 
qualities of churches, it is not sufficient to go yourself once and 
try how you can hear at any particular part, as there may be 
many disturbing causes acting at different times; one of the best 
tests is, whether it is what the clergy call an " easy church.'* 
Inquire of a few clergymen who have done duty there what 
they think of it in this respect, and you will form a far tiTior 
estimate of its qualities than if you ask half the oonffregation, 
I believe it is nttle known how many clergymen*s health is 
seriously impaired by having to do duty, day after day, in a 
difficult church. It therefore becomes not only a question of 
convenience to the congregation, but of health and comfort in 
many cases to the clergyman. 

It now only remains for me to .touch upon our requirementa 
as to the musical arrangements of a church, — and here let me say, 
that thouffh it can scarcely perhaps be expected of a ohurdi 
architect that he should be a musician, yet he should make it his 
business to understand something of the constmction of the 
instruments used in a church. An organ, the most beautiful 
of instruments when in tune, is one of the most disagreeable 
when neglected, and everyone should know how sensitive it is 
to damp and d^ughts, in order to guard against this in his ar- 
rangements for the reception of the instmment. If there is a 
choir the organ should always be placed close to them, and the 
proper place for it is either in a sioie aisle of the chancel, or in 
an organ-chamber built expressly for it, which is better. The 
effect of the instmment will be much enhanced, and it will be 
kept in better tune, if the walls are lined with boarding on bat- 
tens, and if not in a gallery it should always be raised on a 
platform some feet from the floor. The worst place for the 
orsan on every account is the west gallery, if there is one, and 
I believe organs are never now placed there in new churches. 
Of course I do not contemplate the possibilitv in these days of an 
organ appearing over the altar. In small villaffe churches, where 
an organ can sddom be tuned, I think myself that an harmonium 
is preferable; it has the advantage of not getting out of tune, 
and though it has always somethinfr more or less wantine in the 
tone as compared to an organ, it is quite sufficient to lead the 
sixiffers. 

I have now taken a slight and hasty survey of our modem 
wants and requirements, and the influence they should and must 
ultimately exercise on our church architecture; and I must beg 
you to excuse me if I seem to have expressed any opinion too 
strongly, or if I have dwelt too long on any points which may 
appear trite, commonplace, or trivial. I feel that I have omitted 
much that might weli ami appropriately have been brought to 
bear on the subject 
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DBSCBU>TION OF A NEW PORTABLE COFFER-DAM.* 
By Capt. E. B. Hunt, U.S. Engineers. 

The use of the coffer-dam in laying foundations under water is 
among the best established and most reliable sources of the engi- 
neering profession, and its application in several classes of cases 
is well settled. In making studies for certain contemplated con- 
structions at Fort Taylor, Key West, a new style of coffer 
occurred to me, which I hope soon to apply, and which gives 
nttioual promise of success. 

The first case considered was one of founding wharf and bridge 
piers on a rock bottom, over which a thin stratum of sand is 
spnad. A set of piers 10 feet square, of solid masonry from the 
bottom, was first contemplated. For these the style of coffer 
planned was a strong square frame, with four comer posts, and a 
sufficient number of wale-courses across the four sides and 
framed into these comer posts, to give the stiffness of side-wall 
necessary for supporting" the whole water-pressure. The length 
of the comer pieces would be such as to give an excess of a foot 
or more at the top in the deepest water at high tide. The size 
in plan would have to be such as to give the requisite work- 
ing space, and might be reduced to 15 feet square. This frame- 
work being put together, and stayed by a set of diagonal ro()e 
tie braces, could be launched and taken to its position, where it 
would be placed erect and adjusted to be level, using if necessary 
uprights in one or more angles, to bear on the bottom or to 
be driven to the rock, and then lashed or bolted to the levelled 
frame. These anffle posts caii be sufficiently driven to give secu- 
rity against the torce of tides and currents when ncNeded, and 
also to sustain the weights requii*ed to be rested on the top of the 
frame. The coffer frame being thus fixed in position, a row of 
sheet piling of sound 3-inch hanl pine plank remains to be driven 
to the rock in contact with the wales, and guided either by two 
outside timber guides, made to be removable, or by fixed flat iron 
bar glides, with the angles smoothed. 

Now comes the feature which I suppose to be entirely novel, 
and which gives a peculiar character to this portable coffer-dam. 
Take strong canvas, and proceed to make up a case or covering fur 
the entire coffer, using two thicknesses of canvas, and interposing a 
complete coating of mineral or coal tar, so as not only to cause the 
two canvas layers to adhere to each other thoroughly, but to make 
a perfectly impervious sheathing. Along the bottom edge of the 
coffer sheathing a similar double canvas flap is joined around the 
whole bottom Tine, which will lie spread/ out over the bottom as 
{blt as is judged necessary. The breadth of flap will depend 
essentiallv on the nature of the bottom. The sunace to be thus 
covered should first be raked clear of sticks, stones, &c. to prevent 
tearing holes through the flat. The case and flap, water-tight 
through their whole extent, and having much positive strength 
to resist pressure, being put on the coffer and surrounding bot- 
tom, it only remains to proceed with the pumping, which being 
actively pushed will rapidly reduce the small inclosed water 
column. As this goes on the exterior pressure comes flrst on the 
canvas coating, and this in turn rests against the sheeting piles, and 
along the entire surface of the bottom. As the sheeting should 
be of even thickness with straight edges, the joints will oe close 
and narrow; hence there will be no danger of mptures from the 
bridging strain across them. The submerged exterior guides 
being either removed, or formed of iron bars with bevelled edges, 
woukl create no dangerous strains. To bring the flap more 
dosely to the bottom, a sprinkling of sand or any clean earth 
might be thrown over it when in place, or the outer edge might 
be weighted if ueedfuL In case the water should penetrate 
through the bottom covering layer, even from the outer ooundary 
of the flap, it is only required to scoop out the inclosed sand, and 
' fill in the bottom with a layer of concrete, as is usual in the 
common coffer, using the tramis, a plain wooden trough, or a box 
with a trip bottom. 

It only remains to proceed in building the piers, using the top 
of the coffer as a plattorm, and to support the derrick or traveller, 
the materials being lightered alongside. Should a steam-pump be 
found necessary, this could be worked on board a lighter, by using 
a flexible pipe, led through the side at the top, or it could be 
carried through the case and sheathing near the bottom. A 
series of lashings along the top of the case could be used for 
&stening it, and buoyed cords attached to the edge of the flap 
would serve for its manoeuvre. 

« FroB th9 < Jouiud orth« Fnuklio lastitate.* 



Another mode of treating this case might be preferred for 
great depths. This is by usmg a circular coffer, made by trim- 
ming to the required arc sweeps of 3-inch pbinks, combining 
them in full circle ribs so as to break joints, and Oftstening with 
screw bolts. This is merely tuming an arch centre into the 
vertical. Launching one rib, a set of upright stmts with draw- 
bolts would be plao^ on it, and the second rib built on them, &c 
In some cases tnis might be superior to the square coffer. The 
modification of the case and flap would offer no serious difficulty. 
Various other timber and iron coffer frames might be advantage- 
ously used in treating this case. 

In the instance first considered it was desirable not to ob- 
stmot the water-way more than was necessary to get the solidity 
required by a permanent wharf for heavy vessels. A series of 
these piers giving the requisite support for the wharf and bridge 
platforms answei-ed these conditions, and it was supposed that' 
this plan could be used in water of over 20 feet 

The facilitpr with which this portable coffer can be stmck and 
established is its great recommendation. Admit the water, 
hoist the case, draw the sheeting, and float the frame to its next 
station, buoying if necessary, and then all becomes simple repe- 
tition. It is a question of judgment or calculation in each case 
to give the framework the stability requii-ed for resisting the 
pressures, currents, and wave actions; as also to decide where 
the probable violence of waves would make the plan impracti- 
cable or injudicious. Judgment must also be used in deciding 
whether the mggedness of the bottom makes this plan inap- 
plicable. Sometimes this difficulty would be fully met bv 
throwing around the coffer a covering sheet of fine clay or mai*i, 
which will either make the bottom tight, or so cushion it that 
the flap can be used successfully. Wnen we contrast the sim- 
plicity of this coffer and the facility with which it can be estab- 
lishecl and transferred, with the complex character of the 
ordinary fixed coffers, or with Stevenson's portable coffer, so 
limited comparatively in its application and so troublesome in 
erection, it will need but little consideration to perceive the 
utility of this device in numerous cases of bridge piers and other 
stmctures. To extend the above system to larger piers requires 
only the application of simple well established principles, which 
eveiT competent engineer ^ould easily make, and which need 
not be here dwelt upon. 

It is likely to find its first application in a sea wall, which 
wiU probably be built at Fort Taylor next winter. It is pro- 
posed to use in this case a portable coffer of 50 by 12 feet, in five 
compartments of framing, the intermediate submerged cross 
bars being made movable. The building of the first section of 
wall will not much differ from the building of a pier, except that 
the masonry bond at each end must be arranged to provide for 
the adjoining sections. In walls but little exf)osed to the sea, 
the sections can be brought abovj low water independently by 
building plain heads and leaving a clear joint Of course this 
would not do where the foundation is bad and the load irregular. 

To build this second section, the coffer would be re-established 
as before, except that the end should be arranged to embrace the 
waUs already carried up, and the sheeting should' be shaped to 
close in neatly on its front and rear faoes. The case and flap 
will have to be so altered at this end as to fit the section of the 
wall,, and extend along its front and rear &ces for some dis- 
tance. In the proposed wall, the use of dove-tailed header and 
stretcher courses of granite is contemplated for the face, and a 
massive concrete filling for the back. The box planking for the 
concrete can rest against the main uprights and can be re- 
covered on striking, tnus leaving all the spare space in the coffer 
for face work. 

The simplicity of this coffer, and the facility with which it can 
be shifted from section to segtion of a sea-wall, lead me to believe 
that it would be a great source of economy in constmcting the 
walls of wharfis, basms, docks, &c, when the shelter from waves 
and character of bottom make it available. In many cases the 
flap could be nearly omitted, and in some rough bottoms the 
simple coffer case would be used, and a slight foot slope of puddle 
or earth, which works tight, could be thrown in so as to serve 
thepurpose. 

This device not having yet been tried> I should scarcely bring 
it before the public, except that I am willing by publication at 
once to prevent patents, and to give to engineers the benefits it 
offers, which can be seen beforenand with almost absolute cer- 
tainty. 
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ON ACOUSTICS. 
By T. BooKR Smith, Architect ^ 
{Conduded from page 4.) 

Vert bright lights remaia longer impressed on the eye than 
the image of ordiuary objects, and similarly very intense sounds 
remain longer in the ear, and consequently fewer repetitions of 
them in a second are required to produce a continuous note; so 
that though it is impossible to hear sounds from an ordinary 
cord making fewer than thirty vibrations in a second; yet Savart 
has succeeded in making audible a sound composed of only four- 
teen pulses, or seven complete vibrations, in a second, and at the 
other extremity of the scale, in rendering audible sounds up to 
24,000 vibrations, or 48,000 pulses per second. The greater or 
less frequency of the vibrations occasions the sound to be more 
or less sharp, and the actual correspondence between the num- 
ber of vibrations in two notes determines their concord or discord 
when sounded together. 

For example, the lowest C on a grand piano is said by Brewer* 
to require 32 pulses in a second for its production; the sound 
most accordant with that is its octave, the number of whose 
vibrations always bears the relation of two to one to those 
of the ori^nal sound. Thus, in the instance just selected, 64 
vibrations in a second are required to produce the C an octave 
above the one we started from. When a note and its octave 
are sounded together, every vibration of the fundamental note 
coincides with a vibration of the higher one. If G, the fifth 
above this C, had been substituted for the octave we should have 
struck a note containing 48 pulses in a second, along with the C 
containing 32 such pulses; that is to say three pulsations of the 
higher note to every two of the lower one; and, only every other 
pulse of the fundamental note would have coincided with one of 
the upper ones. This is the next most accordant internal. 

The relation between .a note and its major third is expressed 
by that of 4 to 5 or 32 to 40, so that this interval is less perfectly 
consonant. 

Two notes, the pulses of which hai-dly ever coincide, sounded 
together produce a discord. For instance, the seventh above 
any note bears the relation to it of 15 to 8, and this is conse- 
quently a very imperfectly consonant interval. 

Bevond iust stating that all natural sustained sounds are pro- 
duced by the vibrations of elastic substances, it is impossible to 
enter upon the very complicated and very interesting investiga- 
tions that Chladni, Savart, Wheatstone, and others, have con- 
ducted upon undulation and vibration in all its forms, or to 
describe to you the elegant experiments by which the motions of 
vibrating bodies are rendered visible. 

The transmission of these vibrations through the air is, how- 
ever, a -matter of some moment to our subject. Each impulse of 
the vibrating body makes an impression on the air immediately 
adjoining it, which impression immediately passes onwards and 
outwards, leaving the atmosphere behind in a state of quiescence. 
A wave of SQund is in fact a state of momentary compression 
travelling with the speed of the wind away from its exciting 
cause into space; and it is accompanied by a displacement of 
particles, slight indeed, but still actual, and in fact when the 
impulse has lost the power of moving the air at all it ceases to 
exist. - Should this wave meet with an obstacle that reflects it, 
it will travel back through the atmosphere to any point to which 
it may be directed by the reflecting body. Any agitation of the 
air which from circumstances, such as reflection for example, is 
made to take the form of i-egular pulses, will, if these are but 
frequent enough, become an audible sound. Take a familiar 
instance. 

Suppose we have a pipe, of any length shorter than about 
35 feet, closed at one ena, and make an agitation in the air at 
the open end. As long as the separate movements are so far 
apart that the impulses leave long intervals between them, no 
sound is heard; but as soon as the movement is brisk enough for 
a pulse, the n^omeut it has travelled to the bottom of the pipe 
and back, to be followed at once by another, an audible sound 
will result, the pitch of which depends on the length of the 
journey each pulse has to make down the pipe and back again. 
If we go on making the agitation more brisk for a time, no 
alteration except in loudness will be audibh, the pipe seeming, 
so to speak, to keep the agitation that wants to enter it waiting 
till the one that is there emerges. But suddenly Uie sound 

* Whose Damben dp not prepisolv correspond with those giyen br some of the 
I'raich writers. ' 



heard will jump an octave, and we shall find, if we take the 

S roper means of investigating, that the air in the pipe has 
ivided itself into two vibrating lengths. Increase the agitation, 
and soon another jump takes places, the air in the tube dividing 
itself into three portions, and so on, — the points of division being 
termed nodes. Thus for example, by blowing more or less 
violently into an organ-pipe we can produce either its funda- 
mental, or the octave above that note (which is the sound proper 
to a pipe of half the length, or to the original pipe divided into 
two portions by one node), or the twelfth above (which is the sound 
propr to a pipe of one-third the length, or to the original pipe 
divided into three portions by two nodes), and so on. These 
divisions equally occur in vibrating strings, and it is remarkable 
that even where a string or a pipe is sounding the gravest note 
it can emit, a second set of vibrations almost invariaDly coexists 
along with the primary ones, giving out the octave, twelfth, &c. 
These sounds are called harmonies of the principal sound, and 
an acute ear can detect their presence constantly, perhaps no- 
where so readily as in the note of a large bell. 

It becomes of importance to us to know all these circum- 
stances, if we reflect that any room may be regarded as nothing 
else than a great organ-pipe,*in which tI a suitable agitation be 
roused, sounds no douot will be emitted bv the air. Nor is 
there any safeguard in the size of the room; for although a room 
be too large for what would be its primary note to be audible, 
the harmonies of that note — ^some of them— will be quite appre- 
ciable; and it is the presence of these that causes what is known 
as the note proper to a room. As this note cannot ordinarily be 
avoided, the only thing to be done \n relation to it is to see that 
the dimensions of the room each way bear some simple nume- 
rical relation to one another, so that if undulations are roused 
that travel from end to end, and others that travel from side to 
side, the sounds due to the two may blend harmoniously, and 
not clash discordantly. 

The last point to which I have to draw ^our attention is the 
sympathetic vibrations that sounds can excite in sonorous bodies. 
If a tuning-fork is sounded in the air its note is extremely 
feeble, but if it be rested op a pianoforte or a table, a marked 
alteration in sound is audible. Half-a-dozen tuning-forks of 
different pitch, tiied in succession, will all rouse the same pheno- 
menon, and the truth is, that small as they are, each one has set 
the entire material of the pianoforte or the table in vibration, 
and that too in accordance with its own rate of motion, so that 
the whole table or the whole piano has become for the moment 
a part of the tuning-fork, and is emitting sound in unison with 
it. If we now vary the experiment, and hold our different 
tuning-forks near the open end of an orgau-pip^ or flute, we shall 
not set the same uniform result. Those forks which emit the 
sound the pipe or flute would emit if blown into, or one of its 
harmonies, will be found to set the air in the tube into sonorous 
agitation, and the note they emit will be greatly reinforced; but 
the other tuuing-fork& whose note is not related to that of the 
pipe in question, will be found to have only a trifling influence, 
}f anv, over the air in the tube, and their sound will not be per- 
ceptibly reinforced. Thus we arrive at a fact of the greatest 
importance, namely, that some vibratory bodies will move in 
unison with almost any sound, while others voiced to emit a par- 
ticular note will reinforce that note, or those related to it, but 
will be useless or almost useless as regards other notes. 

IT. 

It now becomes desirable, having considered some points 
relating to the nature of sound and its transmission, to ask. What 
means have we of influencing sound in a building 1 — ^and what 
obstacles is it likely to encounter thera compared with what it 
would meet with in the open air 7 There are two familiar in- 
struments in everyday use, and a third some forms of which 
are also well known, which supply a sufficient answer almost 
without words to the first question, namely. What means havs 
we of influencing sound in a building ? The two instruments I 
first alluded to are the violin and the speaking-trumpet; the 
third is any common reflector, say the sound-board of a pulpit. 
If we take any familiar sounding object, such for instance as a 
watch, and note to how great a distance its beat can be heard in 
a room, and then place it successively in the mouthpiece of a 
speaking-trumpet, m the focus of a parabolic reflector, or against 
tne body of a violin, we shall find that in each case we have 
influenced the sound; and, so fiir as I know, we have no possible 
means of influencing the sounds emitted in buildings except 
such as bear an analogy to one of these three^ 
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There will be something to be said by-and-bj about impedi- 
ments and the avoidance of them; for after all, except in extra- 
ordinaiy cases, the whole secret of success in building for 
sound lies in simply doing as little harm as possible; but as far 
as asristance to sound goes, I repeat, we cannot get beyond the 
teaching of the mirror, the speaking-trumpet^ or the violin. 

To return to the watch; we shall find that both the reflector 
and the speaking-trumpet cause its tick to be heard much more 
loudly at tne same distance, or to be audible to a much greater 
distance than when uninfluenced, but only in one direction. The 
person to whom the trumpet is pointed', or towards whom the 
mirror faces, gets more sound, but a person at the side gets less. 
Were the sound of such a nature as to be capable of being closely 
•examined, it would be found in both cases to be deteriorated in 
quality of tone ; and I am inclined to think more so by the 
x«fleetor than by the speaking-trumpet; and in each case, if 
articulate or otherwise very sharp ana defined, it will have lost 
a little of its distinctness. 

If now we take the violin and place upon it the watch, we 
shall find that the sound will be audible at a greater distance 
than when the watch is by itself; but will not be (as in other 
cases) confined to one direction only. It <will not probably ex- 
tend in any direction so far as the trumpet would tnrow it, but 
will be much more equallv heard; while— and this is the ^reat 
point — ^whatever change takes place in its character is entirely 
for the better. None of its distinctness is lost, but its tone is 
improved; and should the violin be a very fine one, and some- 
thing with musical sounds be substituted for a watch, the effect 
on the quality of the sound will be very marked. A string, for 
example stretched to sound a certain note, and excited by a 
violin bow, will give out its proper note indeed, but its voice will 
be poor, thin, and weak. Transfer the string to the instrument^ 
draw the same bow across it in the same way, and the note of 
the string, reinforced by the vibrations of the body of the 
instrument) will be something totally different, incomparably 
finer, and vet identical in pitch and sharpness. 

We ouf tit then, in building for sound, to take a lesson from 
«acb of these instruments. What are their peculiarities? In 
the reflector and the speaking-trumpet the influence upon sound 
is almost wholly a matter of form. In the violin it is also no 
doubt a matter of form, but as much if not more a matter of 
materuds combined with form. 

We gather then that we may, as in the speaking-trumi)et, 
impress an initial direction on sound as emitted, and guide 
it forward, or that we may aid its progress by reflectors behind 
or above the speaker, but that if we want to support or improve 
it we must have recourse to the resonance, or S3rmpathetic 
Tibrations of some sonorous body, capable of lending itself to all 
the varieties of sound produced near it 

The common sounding-board often fixed over pulpits acts as a 
reflector, but usually (roing made of thin wood) as a resonant 
reflector, a much less dangerous neighbour than a hard smooth 
surface of plaster or stone, which has the disadvantage that it 
reflects a sharp and somewhat spoiled echo that travels in the 
same direction indeed as the primary sound, but is a little behind 
it and seems often to mar its distinctness. 

It will be readily understood that a slanting reflector over- 
bead, to beat downwards and forward rays of sound that would 
otherwise escape towards the ceiling and be lost, is likely always 
to do good, and can in no case be so injurious as one behind the 
speaker; and it need scarcely I think be added, that the only 
reflectors that can be of advantage are those that throw the 
sound forward in the same direction as that in which the 
speaker is speaking. An echo reflected down from a high ceiling, 
or worst of all back from an opposite wall, will always be dis- 
agreeable. 

It may be more appropriate here than afterwards to notice a 
curious application of the reflector to pulpits, which was some 
years aco rather extensively made use of, and is illustrate in the 
model before you. It appears from a pamphlet published by 
Bivington in 1829, entitled, * Description of a JParabolic Sounding 
Boai-d erected in Attercliflf Church, by the Rev. John Black- 
bum,' that this church is a parallelogram, 95 feet by 72 feet, and 
66 feet high, with an elliptical recess 32 feet wide by 10 feet deep 
for chancel, and the pulpit placed in the centre of the centre 
aisle in front of the chancel. There is no clerestory, but there 
are pillars supporting a gallery. In this church it was impos- 
sible for the preacher to make himself heard, and after shifting 
about the pulpit in various directions with no marked advantage, 



he determined to erect behind the pulpit a sounding-board like 
a hood — parabolic in section, with his head in about the focus of 
the parabola. He relied upon the property of that curve to re- 
flect as parallel a series of rays diverging from the focus, and he 
adds that the results exceeded his most sanguine expectations. 
The oongregration were now able to hear the preacher, and the 
remote seats of the church became some of the best The in- 
ventor of this expedient was Mr. Blackburn himself and he 
brought it before the public in this pamphlet, which is admirably 
and scientifically written, and also lajd it before the Eoyal 
Society and the Society of Arts. With the last-named society he 
deposited a model, which has since passed into the possession of 
the London University College, and it is by the courtesy of the 
secretary of that college, and of Professor Potter, that this model, 
which is the one before you, is intrusted to me for this evening's 
paper. 

To proceed, however. In the Society of Arts Transactions I 
find two letters from Mr. Parish, then Jacksonian Professor at 
Cambridge, who had had one of these reflectors put up in his 
church. He reports most favourably both upon Mr. Blackburn's 
reflector and his own, saying that the sound is improved in every 
part of the church, and especially the more distant parts; but 
he alludes casually to inconveniences that had been supposed 
to exist, and says they are of no consequence. This seemed 
like a flaw in the case; and as the point appeared of great prac- 
tical interest, I obtained, through the kindness of Mr. Holland, 
of Sheffield, full particulars of the subsequent history of the 
reflectors; and, not to trouble you with all tne details, found the 
main &cts relating to them to be these:^ 

First, I find the reflector has been pulled down from Atterdiff 
Church, partly because it was unsightiy, partly because the 
present incumbent can do without it, and partiy because the 
inconveniences attending it were felt veiy trying by most 
preachers; though the inventor either was not annoyed by them 
or endured them cheerfully for the sake of the real benefit he 
derived from the reflector, but some of the casual occupants of 
the pulpit found them so trying that they used to prefer preach- 
ing from the reading-desk. The disadvantages were-^first^ that 
the speaker heard every word uttered in every part of the 
church; and secondly, what was worse, had every word he him- 
self uttered dinned into his own ears; and lastlv, that to do any 
cood with the reflector he was oblised to keep stdl, with his head 
m or near the focus of the parabom. One of the neighbouring 
clergy preaching in the Cambridge church states that he was 
at once amazed and amused at the distinctness with which he 
heard the whisperings of the charity children in the remotest 
part of the west gallerv; and the converse of this transmission 
was true, for a watch placed at the focus of the parabola could 
be heard to the very end of the church. /^ . 

As regards the general application of 'tliMe instruments I find 
that the carpenter who made the original oi|e himself made and 
fixed no fewer than twenty-nine of them, including two at 
Oxford, one at Cambridge, one at Trinity Church, Huddersfield, 
one at Duckinfield, near Manchester, and one at St Sepulchre's 
Church, Smithfield; perhaps members can inform us of the 
finte of some of these. Also I find that at Damall, near Atter- 
diff, the end of the church was built in a parabolic shape, jind 
the pulpit fixed in the focus. The preacher in this church is 
satisfied with the effect, but occasional preachers, some of them, 
dislike it Lastly, I got information of one other church at 
Sheffield where the reflector had been put up and made use of, 
and satisfied the dergyman and those persons who sat in the 
centre, and at the end of the church, but the people at the sides 
heard worse than before and complained accordingly; so much so 
that it had to be removed. 

From these &cts — ^which I hope I have not unduly extended 
—we may gather that the parabolic refiector possesses such dis- 
advantages that it would never be safe to build the end of a 
room of that shape, and that in most instances it will be in- 
admissible even as a palliative in bad cases; but that on the 
other hand it does enable persons remote from the speaker to 
bear well, and therefore in a church or room that was long and 
not wide, it might be valuable if the speaker is not nervous, 
and does not employ much action. I n^ not add that it can 
hardly fail idways to be frightfully ugly. 

We pass now to consider tiie speaking-trumpet and the 
analogy it may bear to a room. The action of the speaking- 
trumpet was for long attempted to be explained by the theory 
that the sounds were reflected across and across from side to side 
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of the tabe, and tomthow g6t ^eeted neariy or quite pavaUel in 
the direction from its raonth. Bnt this- theory fiuls in mtnj 
ways to aoooont for the pheoomena of the speeking^trampet, and 
M. Hassenfirats, the great aathoritj on that inatmment, dedarea 
that all his experiments led him to the oondusion that the elfiMSta 
on sound prodnoed by the 8peaking-tram|)et are doe to a dil6»- 
rent cause. The air contained in the interior of the instramenty 
he maintains, being inclosed by its walls is compressed by the. 
vibration of the sonorous body in a more ^dgorous manner than 
would be the case if the walls had no resistance; consequently 
each individual particle of this air contracts a greater amplitude 
of vibratioD, and is capable of transmitting that action to a 
greater distance before it becomes entirely lost than it would in 
the open air. 

Now all this appliea, mutatis mittandU, to a public speaker in 
a room. If you set him up in a spot where a mat height over 
his head swallows up the sound above him, and vast spaces open 
on either side of him and behind him, the power of his voice is 
wasted in communicating vibratory motion to these masses of air 
as well as to that mass which -lies in the direction where the 
auditors are. 

If now, avoiding the extreme of cramping and confining the 
space too much, you set your speaker under a low roof which 
rises as it goes away from him, and in a recess that widens as 
it joins the main building, yon procure him the advantages of a 
speaking-trumpet, and throw his voice forward by preventing 
it from losing itself above or behind him.^ And it must further 
be remarked that if you want your speaker to be able to address 
a very numerous audience indeed, you must effect it, not by 
enlarging the building very greatly in every direction, but by 
extending it in Uie direction towards which speech is directed 
—namely, forwards — with only such additions of height and 
breadth as are necessaiy to prevent the structure from failing 
through disproportion. 

Turning now to the violin, we find its peculiar effects are due 
to resonance. As to the methods of pr6curinj| resonance we 
have seen that a body of air in a room will reciprocate certain 
sounds, and we find in certain buildings that the air will recipro- 
cate any musical sounds emitted, but with the disadvantage that 
it continues to sound them for some time after the original 
musical notes have ceased. Canterbury Cathedral is the finest 
instance of this sort of resonance I have heard of. Westminster 
shows it alsa Beautiful as is the blending of soonds and rich- 
ness of tone due to this cause, it is of more advantaffe to church 
music than to reading or speaking, as you may readily notice at 
Westminster. In ordinary public buildings a lar^^ mass of 
empty space is to be avoided, not onlv b^use the air in it 
absorbs part of the power of the voice, but also because it may 
be reaonant in an undesirable way. The employment of thin 
planks of wood for procuring resonance is not open to the same 
objection, and nearly all the most celebrated acoustic buildings 
known will have been found to be fitted up to a great extent 
with wooden lining. 

A floor on columns, with a hollow space under it, and a ceiling 
with a hollow space above it, are both adjuncts to resonance. It 
is to be remarked, that the presence of auditors in a room 
deadens the sound so much that if a building be such as to 
afford, when full, the greatest possible assistance to music and to 
the human voice, it is more than likely to have a very decided 
reverberation when empty. 

IIL 

Let us now for a moment ask what harm we can do to sound; 
what impediments a building may present to its propagation; 
and how far in a new building we may avoid those impediments, 
or in one where they already exist, may neutralise or remove 
them? The principal causes that will* have an unfavourable 
influence on sound in buildings are echo, reverberation, obstacles, 
and unshapeliness or bad proportions. 

Echo is, where it exists, one of the most formidable blemishes 
possible in a room, for iz asserts its unwelcome presence with 
every word that is spoken. The presence of a flat surface at a 
considerable distance from the speaker or musician and fiioing 
him, is very much to be avoided, as apt to echo, and consequently 
in almost all good public rooms the end &rthest hma the platr 
form is curved or recessed, or otherwise broken up, or has a 
gallery thrown across it, the front of that gallery being carefully 
arranged so that either it shall not echo or shall reflect the sound 
to where there is no auditory. In case of an existing echo the best 
remedy no doubt is to break up the maft^oe of the reflecting wall 



in somie aodl way aa thife. Where expense or other difiknllieB 
prevent this remedv being applicable, to hang up draperiei 
which may mask and break up toe offsuding- snrfice is good. In 
over-lofty rooms an echo is often perceived from the ceiling 
downimds.^ Sudi a one exists very deddedly in the new 
readin^-room at the British Museum. Shonld the echo however 
be indistinct or very much broken up, or should there indeed be 
a noise but not amounting to a regular echo, the disturbance is 
called reverberation. 

The excess of reoonance in an empty room often causes rever*- 
beration, and may be generally cured by covering those snrfiuses 
which reflect sound with soft substances. The audience fre- 
quently do it, but if not, the gradual addition of carpets or 
matting, or hanging up drapery, will proportionately deaden the 
excess of sonority in the room until a proper pitch of distinctness 
is gained. In a church in the north, where the reverberatibn 
was unpleasant even when there was a full oongrecadoo, the 
desired quiet was I am told quite gained by laying down mal- 
ting over the aisles and other open spaces. Open skylights are 
very apt to reverberate, so are deep and square window recesses^ 
and both ought to be avoided where sound is of great impor- 
Jtance. Lastiy, damp walls reverberate mudi more than dry 
ones, and in a new building it may often be as well to hang up a 
little drapery for a few months, which can be safely taken down 
when all gets quite dry. 

The next unfavouraMe agency named was that of obstacles. 
Sometimes in buildings of some size obstacles in the shape of 
columns not only may be tolerated, but will bring beneficial 
results after them, on account of the good the^y do in breaking 
up or cutting off vacant spaces. This is particularly the case 
with the columns in churches, which, obstacles though they may 
be to direct sight and hearing, often help to prevent reverbera- 
tion, and always are essential to that system of construction, 
with a nave and side aisles, which is not only ennobled by 
ancient tradition, but also found to suit well with modem re- 
quirements. The most serious obstacle to comfort in hearing is 
tne interference of some one's head between the auditors and 
the speaker. Where the speaker is not very high up indeed, 
and the audience occupy a level floor of any great extent^ the 
inconvenience from this cause is much felt, and some partial 
elevation of the back of such floor is often attempted. 

The method of securing an undisturbed ray of sound and line 
of sight for each auditor was first published by Mr. Scott Bussdl,* 
and has since been re-described and illustrated by Inches, thouffh 
it appears to have been practised more or less perfectly by the 
Boroans. It consists in a svstem for setting out the height of 
the seats by which they fall into a curve, odled by Mr. Scott 
Bussell the iwcauHic, or equal-hearing curve. The mode of pro- 
cedure is as follows: — Having a section of the room, and having 
determined the position of the speaker and the seats, you pro- 
ceed to determine the height at which you will place the speaker 
above the first auditor; this settled, draw a line from the 
speaker's mouth, and let it touch the point where the top of the 
head of the first auditor ought to be. This will finll on tlie line 
marking the position of the second auditor, and you fix the 
height for his seat so that this visual line will come below his 
eye or ear, for this allowing some average dimension. From the 
point thus obtained set up a height which will ^ive the top of 
the head of this second auditor, and so on. The dimensions that 
Lachez advises to be followed are — 

Metres. Ft In. Ft In. 

Back to back of seats 0'60 to 0*75 = 1 II4 to 2 54 

Height of seat 0*45 •= 1 6J 

Mean height from top of 
seat to eye 0*75 = 2 54 

Mean height ftx>m eye to 

top of head, not less than 0-1 5 = S-f^sayO 6 

Better as much as OSO =10 

Mr. Scott Russell recommends for fece-room, or the height 
from the mark for the supposed position of the eye to the top of 
the head, an allowance of 18 inches. The nearer to the front 
seat the object to be seen or person to be heard is placed, and the 
lower it is, the more steep will be the inclination of the seats. 
The further removed and the higher elevated the object is, the 
less steep will be the curve, which even dips down in such cases 
at the commencement of its course. The seats in the Handel 
Orchestra at the Crystal Palace will give a good idea of the 
incline of this isacoustic curve. 

* la the ' Edinburgh Now FhikMOphical Joamal,' toL zzTii. for 1889. 
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There M a -great advantage* beside the direct radiation of 
aoQBd to anditors thus fdaced, and it ia that thej are almoet of 
xaemsitf free from the eflfecto of echo. To make a stepped ar- 
;nuigement of seats perfect they should be arranged on a sweep 
on plaby and thus every anditor will have his face directed 
towards the speaker, will have an onintermpted sight and hear- 
ing, and will oe ftee from echo at his back, for if any such echo 
leusts it must pass over the heads of every one bat those in 
'the very back row of alL 

Th^ remaining obstade is unshapeliness and bad proportion. 
That a disproportionate room is bad for sound is a fact long since 
admitted^ and holds good whether that room be large or small; 
but when this has bmn s<ad, and experience has b^n appealed 
to for confirmation of the fact, thei« is very little that in the 

Present imperfect state of architectural acoustics can be added, 
'be suljeet has been alluded to before, and the most probable 
explanation of what is an admitted truth was then given, 
namely, that if all the dimensions are not in proportion to one 
another, the note of the room will not be good and pure. It is 
very possible that in time we shall know this for certain, and 
shall know too what precise series of numbers are best for 
dimensions, so that a room may be ''voiced** beforehand like a 
bell, or an organ-pipe, by calculation, but we have hot reached 
eqch knowledge y^y 

xn connection with proportion however, I ought to draw your 
attention to the great division which seems to obtain between 
buildings for sound. There are no doubt two main divisions of 
speaking places, in the one (of which an ancient theatre is the 
type) sound is <Urectly radiated from the speaker to the hearer 
mach as in the open air. These should approach a circular or 
aemioircular shape, and an equal dimension in every way. The 
seoond sort are those where the form of the building combines 
with the initial direction of the sound, or imparts such an im- 
pulse* to it, and conducts it onward in one direxition. The majority 
of lai^ rooms are of this class. Probably, therefore, one or 
other set of forms and proportions must prevail. If the building 
is to be on the radiating principle it must be constructed so as 
to avoid redection of sounds, and may be lofty, but must ap- 
proach a semicircle or circle on plan. If conduction is to assist, 
then there must be one dimension decidedly predominating over 
the others, and tliat dimension should be the length away from 
the speaker, and should regulate the width and height, with the 

I)roviso that in these buildings the proportions should be rather 
ong than short, and rather low than high. 

With one example of an influence upon sound in galleries 
and long rooms, which is unquestionably due to the proportions 
of the room, and will be modified by every modification of those 
proportions, we shall have done with the topic It must have often 
occurred to persons listening to music in a tolerably long hall 
or gallery, to notice that there are portions where the sound 
appears more distinct than in others, ^his was very noticeable 
in the Floral Hall at the time concerts were f(iven there, and 
may, I understand, be detected in St. James's Hall. This phe- 
nomenon coincides with an interesting investigation of Savart, 
published by him in the ' Auuales de Chimie.' He invented an 
apparatus for showing visibly the actual condition of the air in 
a room during the time that a continuous sound of great inten- 
sity was kept up, and I mention this investigation not as having 
been pushed so far by him as to lead to any practical result, 
but rather as showing that methods exist by which we may, 
perhaps, be able to arrive at information as to the acoustic con- 
dition of the air in rooms to a degree hitherto unattempted. 
The sound employed in this investigation was that of a bell 
fixed in front of an open cylinder of such dimensions as to be 
suitable to reinforce powerfully the note of the bell, and a sound 
was obtained by this apparatus of such intensity as to be haidly 
bearable. The effects of this sound upon the air was made 
visible by a sort of artificial ear forme<l of a thin membrane 
stretched tightly over a small wooden frame, and sprinkled 
lightly with sand. This membrane when near the bell became 
excited, so that the sand on its surface was thrown into an 
agitation, but on moving it to and fro along the room places 
were found where the agitation varied — in some pai*ts it became 
yery intense, in others very moderate, and in exploring every 
part of the room it was established that the points of greatest 
intensity formed a spiral luie, making several revolutions during 
the length of the apartment. On onioning an end window this 
spiral could be traced as continued into the air beyond for a con- 
siderable distance. The distance fi'om one turn of this spiral to 



another ^^as not equal to the length of the undulation proper to 
the note sounded; it became greater the lai*ger the apartment, 
and ia a long gallery approaehed the length of the sound-wave. 
When the windows in a chamber were opened the position of 
this line of loudest sound^which by-the-by was distinctly per> 
ceptible to the ear, as well as yisibly demonstrated by the 
moving sand—was altered, but moving about the sounding appar 
ratus from one part of the apartment to another did not cause 
any such alteration, which seems to show that this property of a 
room, if once decidedly manifested, cannot be altered by moving 
the position of the speaker, but will only be affected by changes 
in the room itself. 

ly. 
We have now got together some few materials for the design 
of an acoustic building. Let us for a little consider how they 
have been applied or can be applied to various descriptions of 
structure, commencing with an inquiry how fiir the simple con- 
sideration of size ought to modify the treatment The safe limit 
of direct radiation can only be very approximatively ascertained; 
but comparing the results obtained oy Saunders' experiments 
with observations of that accomplished philosopher as well as 
architect^ Sir Christopher Wren, we may say approximately that 
if we were to inclose a space not exceeding 70 feet in length by 
a somewhat smaller breadth, we should be quite safe in pre- 
suming that the natural radiation of a human voice of ordinary 
power would reach all the audience without any assistance, when 
the speaker was placed in the best position for being well heard, 
provided always that we were able to insure that no echo from 
any part of the walls should interrupt. Should our building 
be much larger than this size it will become desirable to assist 
if practicable the voice of the speaker. If we apprehend a con- 
eiderable interference of any obstacle with the sound, this may 
be too great a dimension to l>e safe. If, on the other hand, cir- 
cumstances are all favourable it may perhaps be exceeded. 
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a. Scats. h. Pawftges. e. Corered portico. 

tf. Thymde, or altar of DionTBOfi. in ceutre of orchentra, which was open to the sky. 

«. Brood paaaage, urmlug part of orehectra. /. Stage. 

The condiUons under which a single speaker can best address 
an auditory depending upon direct radiation have been already 
referred to. The building should have a circular outline, and be 
in extent something more than a semicircle. The seats should 
rise one above the other, and the speaker should be pretty well 
forward among his auditors, and the remotest auditor should 
not be beyond the limits of direct radiation. The most perfect 
type of these buildings seems to have been an ancient Greek 
theatre, especially if we bear in mind that the chorus, which occu- 
pied the most forward part of the stage, was the most prominent 
feature in the earlier Greek plays. In modern building this 
form has unhappily gone out of fashion, except for scientific lec- 
ture theatres; but there is one fine example in the great Handel 
Orchestra at the Crystal Palace, the appearance of which when 
full will convey some idea of what the auditorium of an ancient 
Greek or Boman theatre must have been when crowded with 
people. Boman theatres differed from the Greek ones in the 
auditorium not exceeding a semicircle in extent, and in being 
constructed, even down to a late period and when of large size, of 
wood, the resonance of which material was, as Vitruvius tells us, 
relied upon to reinforce the sound; consequently the ecAeia, or 
brasen reinforcing jars introduced into Greek theatres, were not 
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adopted in Borne. There has been much controversy about these 
^cheiOy and those who wish to know all about them will do well 
to oonsnlt the Dictionary of the Architectural Publication So- 
ciety. It may be sufficient to observe that thongh in all proba- 
bility the resonance from them would not have flexibility enough 
to reinforce speaking, it would be admirably suited to strengthen 
the efiect of slow, sustained declamation, especially if that declar 
mation were of the character of a musical recitative or chant; and 
i^ as seems probable, the principal parts of a Greek drama par- 
took of this character, we cannot doubt that the vases would be 
a real assistance. 

Among English lecture theatres that of the Royal Institution 
in Albemarle-street has always been deemed famous. It resem- 
bles the Roman theatres in being constructed of wood; its seats 
are arranged on a curve similar to the isacoustic curve, and its 
dimensions are very nearly indeed in the relation to one another 
of 2, 3, and 4. Its'outline presents a semicircle of 30 feet radius, 
with the ends prolonged 15 feet, and the ceiling is flat, the wall 
behind the speaker being flat also. One great advantage in thia 
building is the comparatively small volume of air it contains; 
the fjEtvourable form and proportions help it, but it no doubt 
draws much of its excellence from the resonance of the wood 
einployed in its construction. 

Lachez, in his pamphlet, gives views of all the principal 
lecture theatres in Paris, and points out that most of them are 
defective through having too vast a space above and behind the 
speaker, and he shows that if we wish greatly to extend the 
space of such an auditory, the walls should radiate from a point 
whind the speaker's head, and the ceiling should also be lower 
where he is than elsewhere. 




Pla5 op Thxatki at Pakma. 
a. Seats. h. Corridor. e. Space for prooeasiooi, &c. d. Stage. 

All modem theatres for dramatic performanceK depend mainly, 
though not exclusively, upon direct radiation. In one of the 
most celebrated and most frequently quoted examples however — 
that at Parma, the form was such as to favour conduction as 
well as radiation, while the resonance of material, constructed as 
it was internally of nothing but boards even to the ceiling, no 
doubt helped the sound very much. The Parma Theatre is con- 
nected with the Ducal Palace, was built in 1618, and so far back 
as 1790 was in a state of decay. It must not be confounded 
with the modern Teatro Ducale at the same city. The dimen- 
sions of this building were considerable; its length from the 
front of the stage to the back of the gallery above the sta^ was 
130 feet, and the width 102 feet, the general form being an 
oblon£[, rounded off op|>osite the stage, and the seats being ar- 
ranged amphitheatre-wise in steps. Notwithstanding the great 
size of this house a low voice could be heard in eveiy part, even 
if the speaker were as much as 10 feet back, making the dis- 
tance from speaker to hearer 140 feet 

Of more modem theatres perhaps not one is so famous for 
acoustic effect as the Opera-house in the Hay market, which was 
brought to its present torm internallv about 1790. Here affain 
we have considerable dimensions, though not at all equal to 



those at Parma; but we have the entire interior oonstraeted of 
wood, the ceiling of wood, and the sta^ brought so fiur forward 
that a singer may be almost in the middle of the auditory, and 
may be heard by all of them direcUy; the orchestra of opurse is 
even more among the auditors. The stage is, behind the cur- 
tain, extremely shallow, and the auditory is a little more than a 
semicircle prolonged by two almost straight sides, which ap> 
proach each other as they reach the proscenium, llie ceiling is 
an extremely flat curve over the pit, brought down above the 
stage to throw the voice forward, and there is a hollow, unoc- 
cupied space above it. Altogether the form is nndoabtedljr fa- 
vourable to sound in a high degree, tbe space above, behind, 
and at the sides of the sineers is restricted as mueh as^ possible, 
and gradually swells out m the part where the soand is wanted 
to expand, while the division of the boxes, which do not radiate 
from the stage, would prevent any echo from the back wall, and 
break up any wave of conducted sound. More important how- 
ever than the form, in all probability, is the use of resonant 
materials and resonant cavities, and the entire absence of plas- 
tered surfaces. 

There is one other group of public buildings which peculiarly 
require to be treated on the araphitheatrical plan, but which 
hitherto have always exhibited a sort of unsuccessful oonmro- 
mise on their arrangement. I allude to courts of justice. It is 
very desirable that the general public should hear well, and they 
have therefore usuallv been ranged on steeply-inclined benches, 
but this has ordinarily been done in a square and often a cubical 
room, so that all the disadvantages of the square comers and of 
undue height above the very persons to whom perfect hearing is 
essential, are retained. In most old law-courts various contri- 
vances for contracting the space above the bench are visible^ bat 
it would be a much better construction if the court were from 
the commencement arranged so that there would be a Mr pro- 
spect that those who mtut hear would hear perfietlyf and ttiat all 
others present would hear well The moderate siae of our law- 
courts points to the principle of direct radiation of sound as 
the one on which they must be constmcted. The basilica on 
the other hand, the form anciently employed for the same pur- 
pose, introduces us to the consideration of the second great divi- 
sion of buildings, namely, those where the transmission of sound 
is assisted, and whose peculiarity is that they are oblong. 
These divide themselves naturally into buildings with a nave 
and aisles, and simple larj^ or small rooms. 

It will be prhaps desirable to consider first those buildings 
with nave ana aisles, of which the basilica maj serve as a typ^ 
and afterwards to notice large rooms ceiled m one span, and 
small rooma In the large cathedral churches of medi»val 
times, where the object was not simply to build a church just as 
large as a sinele speaker might fill with his voice, but to raise 
a monumental pile for ceremonials, it was of no moment that 
the resonance of the air contained in the buildin|^ should be 
great, so long as it did not destroy the effect of music; and these 
buildings afford accordingly a wonderful illustration of the sono- 
rity of a large body of air, but very few of them are easy to fill 
with a distinct spoken utterance. 

In Protestant churches of more moderate dimensions the main 
object is that re^d and spoken words, delivered from the reading^ 
desk, the pulpit, or the altar, should be perfectly audible to the 
congregation. How far does the ordinary arrangement of nave 
and aisles effect this? There is no question that the columns 
inseparable from such an arrangement interfere with direct 
sight, and partly with direct hearing; but I believe it will be 
generally admitted that the advantages attendant upon their 
use more than counterbalance this disadvantage. I have stum- 
bled upon a passage on this subject in Mr. Denison's lectures on 
church building, in which I think vou will be able for once to 
concur with that gentleman. " It is at last discovered," says he^ 
" that so fiir from the pillars, and aisles, and broken roofs of 
Gothic churches, built after the fashion of the old ones, being 
worse for hearing in, they are generally better than the wide- 
spread buildings, all under one span like a railway-station, 
which it was the fashion to erect in large towns a few years sga 
This fact is noticed in two recent reports of the Church Build- 
ing Society, and I had observed the same thing myself in 
several instances, even in small churches, though without know- 
ing that it was general before I read it there. Certainly some 
of the worst places for hearing in that I know are buildings all 
under one roof, and of far less capacity than many churches, 
both old and new, of the nave and aisle oonstmction, in which 
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% Uxgid CQiiffregation can hear perfectly well; so that in thia as 
in many other things, the dd Gothic builders knew what they 
were about a great deal better than we do." 

The system of open roofs of a high pitch, so as to accord 
somewhat with the Cbthic character, and carried from wall to 
wall in a single span, had been some years ago employed a good 
deal for dissenting chapels, and many Instfluooes have occurred 
where these places are bad for hearing — in some instances to a 
serious extent. The English Chapel Building Society is now 
employing its efforts to promote the erection of ouildings divided 
hy columns of small diameter into a nave and aisles, even where 
the size of the place of worship is but small. 

The position of the pulpit m churches and chapels with nave 
and aisles is of consiuerable importance. In chapels for dis- 
senters it is usually placed in the centre of the end of the build- 
ing, with the communion-table in front of it In churches it 
is almost necessarily placed at the side, principally that it may 
not intercept the sight of the chancel and hearing of the com- 
munion service. There is however another quite as good reason 
for this position, which is that a centre aisle is almost essential 
to the decent arrangement of a church, and it is in the highest 
degree unpleasant to a speaker to have the empty bareness 
of the aisle in front of hmi whenever he lifts his eyes, while 
it is equally unsatisfactory to the congregation to see their 
minister as nothing better than a dusky shadow, projected on 
the li^ht of the east window, before which he necessarily is 
fixed u his pulpit be central. Is this position acoustically bad 
for the pulpit? and (whether at the centre or the sides) should 
the pulpit be fax forward or not? 

In answer to these inquiries it seems dear that if the build- 
ing be thoroughly good to speak in, it will not be so very 
material where the pulpit stands; but I have no doubt that in 
doubtful or bad case-', especially where there is echo, the side 
position -of the pulpit is much more likely to prove advantageous 
than the central one, and on that ground is to be recommended 
even finr dissenting places of worship, for tlie voice being natu- 
rally directed towards the main mass of the congregation will 
be sent^ not straight against the end wall, but obliquely against a 
aide wall 

It is, I believe, always bad to place a pulpit directly against a 
walL The practice of Sir Christopher Wren, followed by many 
flood architects, is to put it forward some distauce into the nave. 
Others withdrew it into the chancel, or under the chancel arch. 
The choice between these two positions must depend rather 
upon the shape of the church. If it be nearly square, so that 
the hearers can be grouped round the preacher on the direct 
radiation principle, I would put the pulpit forward among 
them^ and place it against a column, as is done in the great 
Continental churches. If the church be long, and the hearera 
must lie leached rather on the speaking-trumpet or conduction 
principle, the pulpit will probaoly answer test drawn back 
under the chancel arch. K there are transepts, and a difficulty 
is found in making people in the nave hear (and this often hap- 
pens with transepts), it will be quite worth while to try drawing 
the pulpit back a little into the chancel, for it generally happens 
in these cases that the communion service read from the altar is 
better heard down the nave than either the pi-ayers or the 
aemion, owins to the initial direction which the parallel walls 
of the chancelimpress on the sound. 

Wren's churches, it seems to me, may be studied as models of 
arrangement for church-building in large towns; the more so 
because, while Classic in style, Uiey follow the forms of Gothic 
churches in plan and section. It is remarkable that, notwith- 
standing his unrivalled constructive skill gave him every induce- 
ment to erect a wide roof, he has not, so far as I know, left a 
single church without columns in the interior, except only the 
very smallest In almost all cases he has placed the pulpit 'some 
way down the nave; and all the propoHions of the cross-section, 
while they avoid the vice of being cramped, present a certain 
general impression of lowness when seen in a di-awing. 

It seems agreed that except in excess, the timber trusses of 
open timber roofs are advantageous, on account of breaking up 
echoing surfaces; but I fancy that so far as it goes the sharp 
an|;le Uie two sides of such a roof make at the ridge forms a 
noisy sort of trench, and that a better effect is obtained where a 
wooden ceiling is thrown across at. the level of the collar, or 
higher. This will partly depend on the proportion of the 
church, emeries are, if properly inclined, not baa places to hear 
uif but the spaces under them are, unless the galleries are {fal- 



low; this especially applies to side galleries, an end gallery may 
safely be deeper. Such a gallery sometimes helps to prevent 
an echo, or the introduction of one will often check an existing 
echo. 

On church building, finally, we have among old authorities, 
not only the practice of Sir Christopher Wren, but his recorded 
opinions, embodied in a letter, from which had time permitted 
I would have made an exti-act The document in question is to 
be found in the 'Parentalia,* and expresses Wren*8 conviction that 
2000 was about the extreme number that could be accommodated 
in one church, which he prescribes ought not to exceed 90 feet 
long by 60 feet broad. He observes further^" A moderate 
voice may be heard 50 feet distant before the preacher, 30 feet 
on each side, and 20 feet behind, and not this unless the pro- 
ntmciation be distinct and equal," aud from this starting point 
he seems to have regulated his practice. As to modern practice, 
the members of this Institute out to be able to furnish full 
information on church building cousidering the great activity 
that has lately prevailed in that branch of practice. 

The last topic on which I have to trouble you relates to build- 
ings without any columns internally, in fact large rooms. The 
most difficult subjecte for the architect to treat would seem to 
be rectangular rooms; perhaps those of raoderate'size being worse 
to encounter than larger or smaller ones. Among these I would 
include great aud small halls, lecture rooms and concert-rooms, 
and also the majority of dissenting chapels, together with such 
churches as are not built with a nave and aisles. A rectangular 
room of considerable size is the commonest form for apartments 
destined for great assemblies, and is so simple and has become 
so customary that it will probably never cease to be usual for 
northern nations, and yet it lies open to nearly all the obstacles 
which we have decribed as besetting buildings of one or another 
class. Its flat floor renders it liable to the obstruction of the 
direct lines of hearing; its straight ends almost preclude any ar* 
rangement of auditors on a semicircular or segmental curve. Its 
flat sides and square angles are very apt to reverberate. Its flat 
ends coupled with its considerable dimensions expose it to echo. 
The mass of air in its height, aud at the back wall, tends to 
swallow the speaker's voice, and even its very dimensions allow 
space for the voice to decay, while it is very possible that its 
windows or its skylights may afford opportuuities for sound to 
be generated of a disturbing character. I am not prepared to 
briug forward a single instance that unites all these disadvan- 
tages, though Exeter Hall before the alterations might have been 
instanced as exhibiting a good many of them. I am however 
better pleased to invite your attention to one or two cases 
where tnese obstacles have been all successfully surmounted, 
and from the consideration of these we shall be able to form 
some tolerably definite ideas of what a great hall ought to be. 

We will first consider the case of the Free Trade Hall at Man- 
chester, the^ work of Mr. Walters, who has most obligingly fur- 
nished full information respecting it. The requirements here, as 
in most great rooms, embraced fitness for both musical enter- 
tainments and public speaking, with accommodation for a very 
large audience, and gooJ architectural effect All this has been 
successfully accomplished. The dimensions of this hall are very 
considerable; they are, as measured fix>m the contract plans: — the 
internal width, 104 feet; length, 176 feet; height, 70 feet; thus 
bearing very nearly the simple arithmetical relations to one 
auother of 2, 3, 5. The plan is a parallelogram with a semicir- 
cular sweep at the end opposite the orchestra. The orchestra i» 
partly in a recess, with a roof curved upwards, but advances into 
the body of the hall. The side walls are low, the ceiling coming 
down on to them, with a cove of unusual height The side walls 
are plain below the gallety, the upper part of them being broken 
only by engaged pilasters, so that they offer no obstacle to passing 
undulation, and what reflecting power they exercise will be 
favourable; but at the remote end where conduction along the 
walls would commence, and at the semicircular end, the sur&ce is 
so broken up as to dissipate or desti*oy the conducted wave of 
sound. Columns here take the place of pilasters. Deep open 
recesses used as private boxes are formed, and balconies thrown 
out on corbels, while the gallery, which at the sides is shallow^ 
becomes here deeper, so as more effectually to check the sound 
that might reach the back wall and be echoed. The doors o£ 
entrance are here too, covei-ed with cloth, and lastly the front of 
the gallery itself has a section of compound curvature, so that 
it cannot echo. These precautious, coupled with the curved end 
of the room, are successful and there is no echo. When full. 
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this hall is very sncceasfal either for music or for speaking, but 
when empty the resonance in it amounts to reverberation. 

The good result here, it will be remarked, is mainly due to 
form and proportions: resonant material is not present in an ex- 
traordinary quantity, for the walls are plastered, and so is the 
ceiling; the noor however has a space underneath it, and there 
is a larffe space above the ceiling. I believe there is a good deal 
of woodwork about the orchestra — the most important part— 
and there is a large organ there, which I cannot help believing is 
likely, even when not played upon, to be an auziliair to sound. 

Another example of great fame in the North of England is 
the Philharmonic Hall in Liverpool. I have hastily visited it, 
but am not in a position to speak of its good oualities from 
personal experience, or to lav before you any autnorlsed infor- 
mation except what appeared in the Builder at the time the hall 
was erected. The architect was Mr. Cunningham, and the 
dimensions given in the Builder are: — extreme length, 135 feet; 
extreme width, 102 feet; extreme height, 68 feet; open part of 
hall clear of boxes, 106 feet by 68 feet Calculated accommoda- 
tion, 2300 persons. The appearance of the hall on entering is 
most ])eculiar. Two elliptic arches of vast span extend along 
the two sides, while smaller ones cross the ends, and by these 
the very considerable dimensions of the hall between the walls 
are masked, and it is brought to appear a moderate-sized apart- 
ment, with a domed ceiling, and having four recesses opening 
out of it. These recesses are occupied, one of them by the or- 
chestra, and the other three bv two galleries, one above the other, 
and receding back. The orchestra is the only place where re- 
. sonant material appears to have been employed. It is built of 
wood, and contains hollow cavities of considerable size; in all 
other parts the architect seems to have dreaded resonance as 
much as echo. The surfaces likely to echo are curtained over 
and divided with great care; the boxes into yvhich the galleries 
are divided are hung with draperies, and on nights of concerts 
the floor is covered with a carpet, and all the seats are cushioned. 
I have been given to understand that the efiect upon music is 
exactly what might have been expected — namely, that it is heard 
most distinctly and quite free from reverberation or echo, but 
that the room affords no support or assistance to the voice or 
instruments. It is perhaps not right to conclude a reference to 
this building without observing that in arrangement for ingress 
and egress, for the comfort of its occupants, and so far as one 
could judge for ventilation, it is one of the best and most liberally 
planned structures we have. 

Coming nearer home we may refer to the very large and 
very successful music hall in the Surrey Oaixlens; for authentic 
information respecting which I am indebted to the architect, 
Mr. Horace Jones. In this large building enormous audiences 
have been assembled to hear music and to hear preaching, 
and in either case they have done so without difficulty. The 
general form of this building is well known. It is an elongated 
octagon, or a parallelogram with octagonal ends, and into 
which the walls of octagonal staircases project. At the end 
opposite the orchestra and up the two long sides, are built three 
tiers of galleries with fronts of curved section, and supported on 
iron columns. The roof over two of these galleries is hori- 
zontal, that over the third one inclined, and that over the central 
space is very similar to the one at Liverpool, both being domed 
rather like the bottom of a ship. The dimensions of this hall 
are very considerable, the extreme height and extreme width are 
within a foot the same, the width is 68 ft. 6 in., the height, 69 ft. 
6 in., the length is 153 ft. 6 in., or two and a quarter times the 
width, another instance of simple proportions. The form is well 
chosen, and the ffalleries act extremely well to prevent echo and 
reverberation, wliile yet they are not so near together but that 
they can be well reached in everv part by the voice. The 
principal reliance of the architect for musical beauty of tone 
was however placed upon the use of resonant >naterials. The 
walls are lined with match-boarding on battens, and it was at 
one time intended to form the ceiling also of wood. The or- 
chestra is constructed of thin well-seasoned planks, and there is 
a sounding-board over it in a slightly inclined position, the 
action of which is believed to be very beneficial. This is not only 
of wood, but it was specially required to be of old materials. 
That these various precautious have been successful is a matter 
of notoriety, ?ind in fact they have answered so well that this 
hall has been pointed out to me bv a professional musician as 
one of the best in London, not only relatively to its vast size, 
but absolutely. 



Very many other rooms might be brought forward and analysed,' 
even <n those in London alone. To refer to only two others, w© 
will take the ball-room at Buckingham Palace, and St Martin's 
Hall. The ball-room was built by Mr. Pennethome; the dimen- 
sions are 110 feet by 60 feet by 45 feet, bearing to one another* 
very nearly the relations of 3, 4, and 8. The angles of the room 
are rounded, the ceiling slightly roughened with ornament, and 
brought on to the walls by a cove. The cornice has very little 
projection, and the lower part of the room is lined with bcAnling 
covered with silk. There is a recess at the end opposite the place 
for the music, broken up with pilasters, &c. so as to dissipate 
echo. This room is admirable for music. 

St. Martin's Hall was mainly designed, so far as its adaptation 
for acoustic purposes goes, by Mr. Hullah himself. It measured, 
according to the account published at the time it was opened, 
121 ft. 6 in. long, 55 ft. 5 in. wide, and 40 feet high. The dimen- 
sions cannot be exactly reduced to any very simple relation, 
though they are not very far from 2, 3, and 6: the nearest to 
them are 5, 7, and 15. The height and length however are very 
exactly proportionate, the height being one-third the length. 
This room had no recess for orchestra or orcan, but the orchestra 
— ^probably the most perfect one in London — was built up of 
wood against one wall. There was a gallery, rather deep across 
the opposite end, and shallow at the sides, with the front carefully 
reducea to the minimum of surface. Facing the orchestra was a 
recess, partly breaking up the end wall. The windows were all 
hi^h up, and were slightly recessed. The distinguishing feature of 
this room was its great wooden ceiling, flat in the centre— which 
occupied about one-half the entire width — ^and sloped down at 
the sides to meet the walls. This was panelled, and there were 
hollow spaces above it, and under the floor. The room when full 
answered to perfection for music, but it was when partly filled 
subject to reverberation, owing, no doubt, to its extreme reso- 
nance. 

Among the smaller public rooms there are a great number of 
examples of a class for the acoustic constructions of which I would 
earnestly bespeak more care than has ordinarily been bestowed 
upon them. I refer to the small public rooms in suburban 
villages and country towns, the failure of which is as great a 
calamity for the community to which they belong as the non- 
success of the most important structures would be in great cities. 
These rooms are, perhaps more frequently than not, imperfect, 
and consequently fail of their end, which is to afford to the inha- 
bitants of the place where they are built a good meeting-place on 
public occasions. Ordinarily, I think, the small means at disposal 
lead to the walls being built bare and unbroken, but plastered. 
The ceiling is often too high for the other dimensions of the 
room, and if there is any semblance of an open roof, it is so thin 
and slight as to offer little or no obstacle to reverberation. Very 
frequently too circumstances render it advantageous to light these 
places from the roof, anj skylights that act as sound-traps are 
formed; or, if not, at least the walls are left quite devoid of any 
breaks. It would be desirable in building such a room to pay 
regard to good proportion, and where practicable to light from* 
side windows. If this is not admissible, perhaps it will l^ advisa- 
ble to break the line of the walls by piers and arches of moderate 
projection, and, above all, to form some description of break, or 
recess, or cant, or curve in one or both of the end walls, and to 
make the ceiling drop down at the ends. It would be wise par- 
tially to line the walls with wood, or form a wooden ceiling; and 
if it is necessary to keep the surfaces plain, not to plaster them 
internally; also to curve or cant off the angles on plan, and to 
cove or cant the ceiling in section. 

In existing rooms that are bad the best remedy must be usually 
left to the judgment of the architect, as the circumstances of tite 
case will vary, but the most generally useful and inexpensive 
palliative for reverberation, the usual vice of these small halls, is 
to hang up curtains in various parts. Matting or carpet on the 
floor might often be of use, and a sounding-board, or even a sheet 
of canvas so stretched as to cut off part of the air above and 
behind the speaker, mieht often be advantageous. 

The subject is now before you, gentlemen. We have con- 
sidered (1) the ^neral laws of sound, and (2) the mode of in- 
fluencing sound in a building, namely— reflection, as in a sound- 
ing-board, referring especially to the parabolic sounding-board; 
conduction, as in the speaking-trumpet; and reinforcement by 
resonance, as in the violin. The subject (3) of impediments next 
required attention; and we have considered echo, reverberation, 
obstacles, with t^e isaooustic curve as a means of escaping them, 
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and bad proportion. Lastly (4) we baye referred to the applioa- 
tion of these general principles to particolar cases, dividing them, 
according to size and shape, into buildings for direct radiation of 
Bound, or square aud round buildings; and buildings for conduc- 
tion of sound, or oblong buildings. Amongst the former we have 
noticed theatres ancient and mc^em, lecture theatres, and courts 
of justice. Amongst the flatter, basilicas and other places with a 
nave and aisles, and large rooms. 



BEVIEWB. 

An Analysis of Ancient Domestic Architecture in Cheat Britain, 

Nos. 1 to 14. By F. T. Dollman and J. R Jobbins. — London: 

Joseph Masters. 

(^With Engravings,) 

Since the first number of this work appeared (some twelve 
months since), we have twice taken occasion to call our readers' 
attention to it; and now, having reached the 14th Number, are 
enabled, by its greater development, to speak more distinctly of 
its merits. The subject — the Ancient Domestic Architecture of 
Great Britain — ^is one that every day becomes more interestiug 
to architects and archaiologists. It is well known that of those 
early and important structures which were once the hold and 
home of our sturdy nobles, and the place of safety for their re- 
tainers, the relics are fast departing, and that but little remains 
Seifect from which we can gather their architectural beauty and 
omestio arrangement, and that little is scattered far and wide 
throughout the island, either in a state of crumbling decay, or 
changed from the eminent position it once held, to become a 
bam or stable. 

Cathedral and church architecture, as well as castellated, for 
Years past have been well examined, and their antiquities deve- 
loped with zeal and care; but that which was strictly confined 
to domestic use has received but little investigation, and a pic- 
torial rather than a professional mode of treatment has been 
adopted. It is for the latter purpose that the authors of the 
present work have entered upon their task, and if we may judge 
from what they have done, there is every reason we should be 
satisfied with their labours, and receive the present instalment 
thankfully. At present it illustrates portions of several monastic 
buildings, hitherto, we believe, unrepresented, with thdr details 
shown to accurate measurement Among these we have the 
Guesten Hall — once part of the priory — at Worcester, and the Com- 
mandery, a building in the same city, so called from the tradition 
that it once was the habitation of some of the brotherhood of the 
Knights of St. John of Jerusalem. This statement appears to be 
doubtfuL The refectory of Great Malvern Priory, half-timbefed, 
with its windows having oaken tracery and mullions, is also 
given, — a most interesting structure, all record of which might 
nave been entirely lost, from the circumstance of its having 
ceased to exist for more than twenty years; and the venerable 
remains of Dunfermline Abbey, the last resting-place of the hero 
of Bannockbum. Of ancient hospitals we have several, with their 
plans, showing the arrangements of the inmates' dwellings. Most 
conspicuous among these is Holy Cross, near Winchester, shown 
in detail on sevexal plates; and Ford's Hospital at Coventry. If 
such structures are not to be copied in onr days, they are at least 
highly sugffestive. The palace of Linlithgow— the birthplace of 
the ill-&ted Scottish queen — as it at present stands, is also repre- 
sented in ten plates; it has many remarkable features deserving 
of notice, especially the window-heads and fireplace, and is accom- 

ekuied by the interesting memoir which we noticed recently, 
ere are also some choice examples of windows from Oakham 
Castle and Battle Abbey, and many hooded and jother fireplaces 
of noteworthy design. An assemblage of ancient ironwork, em- 
bracing knockers, closing rings, latches, a sliding candlestick, and 
several keys with elaborately ornamented bows, occupy several 
|>late8; othere are devoted to some strikingly picturesque half- 
timbered dwellings, of some centuries' standing, from ^ent and 
Sussex, with quaint gables, pendants, and barge-boards. We 
think, from our enumeration of the published illustrations in this 
analysis, it will be seen that as far as the work has gone it is one 
that will command a prominent place in every professional 
library, if finished with the same care and judgment as at present 
bestowed upon it by the painstaking authore. 

It was our intention to have dwelt at greater length upon the 
«zecatioii of the plates, and the deamess and conciseness of the 



accompanying descriptions; but as a specimen of both would be 
preferable to any eulogy of our own, we have obtained permis- 
sion to insert an example of the plates. The subject is the view 
and plan of frontage and details of an ancient timber-house at 
Mayneld, in Sussex; these phites accompany the following 
particulara:— 

" The village of Mavfield-— or, as enciently spelt, Mavghfeld or Magh* 
feld — has for Its bounclaries, Framt on the north, Heathndd on the south, 
Burwaah on the east, and Botherfield and Buxted on the west. It is 
situated on the sanunit of a hill, whence the view ici extensive, and in 
some parts richly wooded; and in general has the local characteristics 
peculiar to Kent and Sussex. The village has one principal street or 
road travermng it from east to west, and on the south side stands the 
house of whidi the accompanying engraving is an illustration. No 
especial historical interest is attach to the house, which is merely an 
ordinary residence ; but the picturesque or quaint expression whidi it 
possesses is its chief distinguishing characteristic. The chief features in 
the front elevation consist of two wings, projecting slightly in front of the 
centre portion of the house. The two baige-boards in the gables di£Peir 
in their design, the ornaments in one of th^ bearing some resemblance 
to examples at Abbeville, in France. The gable wall projects about 18 
inches from the wall below, the bay vnndow also projecting the same 
from the walL The ornamental boarding which connects the feet of the 
gables with the bay window gives considerable character to them in its 
mode of treatment. Between the wings there is no projection, except 
one bay window, and the entrance porch. The timbers forming the 
framing on the upper floor are curved similarly to many of the examples 
in Shropshire and Cheshire; but on the ground floor the framing is plain, 
the tout enumble being quaint and picturesque. The ground floor bay 
window in the western wing is modem, as is also the gli2ing of the win* 
dowB generally. The date 1575 appears in each of the gables. The 
interior of the house has been modenused throughout, with the exception 
of two fire-dogs, apparently of French design and manufacture, in the 
entrance halL The view given is taken from the north-east." 



Observations an the Niagara Railway Suspension Bridge, By 

Peter W. Barlow, CR, F.R.S.— London: Weale. 1860. 8vo. 

40 pp. 

Are tubular bridees costly blundera ? This is in effect the 
question raised by Mr. Barlow's pamphlet On a recent visit to 
America he has inspected the railway suspension bridge which 
crosses the Niagara river near its Fails, and has satisfied him<» 
self that the stnicture is sufficient for its purposes, and that the 
best mode of constructing railway bridges of laive span is by 
ordinary suspension chains supporting horizontal girders. 

In Older to make dear the tenor of the few remarks which we 
have to offer npon this pamphlet, we may at the outset state 
our assent to the conclusion of Mr. Barlow, that tubular bridges 
are not the best forms of railway structures of large span, though 
we most materially differ from him as to the accuracy of his 
comparison of the various kinds of bridges. In a former volume 
of tnis Journal, during the progress of the experiments which 
were conducted for the purpose of determining the form and 
dimensions of the Menai Tubular Bridge, we published a series 
of investigations showing that a sacrifice of economy of materials 
was occasioned by the omission of the suspension chains which 
it was at one time proposed to attach to that bridge; and, if our 
recollection be accurate, Mr. Hodgkinson — ^not the least eminent 
of those who took part in conducting the experiments in ques- 
tion — ^publicly expressed his regret tnat the auxiliary suspension 
chains were abandoned. More recently, in the numbers of this 
Journal for November and December 1860, appeared two papers 
—which we take leave to regard as very valuable contributions 
to the science of eugineeriug — showing the great economy which 
results from combining suspension chains with girders. Whether 
the combination there considered be the most economical that 
can be devised, — ^whether greater economy would not result from 
a suspension of ffirders by tension bars radiating from the 
points of suspension, or some other mode of, suspension, we do 
not now decicia But from these two papers it is at least obvious^ 
that in comparing suspended and uiisuspended girders the former 
have greatly the advantage in point of economy. And this con- 
clusion is supported by a veiy high authority on thia subject, 
Prof. Macquom Bankine, in two letters in our numbers of Decem- 
ber and January last. In the latter of these letters Prod Bankine 
arrives at the conclusion that a suspended girder need have only 
abont one-seventh of the strength of an unsuspended girder of 
the same span and required to sustain the same travelling load. 

It is notorious that tubular bridges, of which that over Menai 
Straits and the Victoria Bridge in Canada are the most con« ^ 
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ajiieoons examplef, are' enormously expensive. It is notorious. 
tboA the oost of those two bridges has been rninoos to the 
companies which constracted them. There is not much diffi- 
culty in arriving at the reasons of this result In the first 
place, tabular bridges are extremely complicated stmctnres, 
consisting of a vast number of parts which have to be fitted 
together with extreme accuracy. In order to prevent the top 
of the tube from bulging or "buckling" firom the compression 
to which it is subject^ the expedient of a cellular structdre of 
that part of the tube is adopted, and it consists of numerous, 
cells formed of iron plates, with an immense number of joints 
and rivets. Now all this difficulty of counteracting the ten- 
dency to distortion is avoided in suspension bridges, for in them 
the strains, being tensile instead of compressive, tend to counter- 
act instead of tending to cause distortion. Again, in suspension 
chains the material is so disposed as to more directly sustain 
the travelling load than is the case in girders or tubular bridges. 
In the latter the source of strength is rigidity, — ^that is, the 
moment of the elastic forces of tension and compression; and 
this moment of forces is limited by the depth of the structure; so 
that, to speak in popular language, the elastic forces can never 
have a greater leverage than the distance between the top and 
bottom of the tube. But in suspension bridges the similar lever- 
age is £ur greater. For the equilibrium of the half-span, the 
moment of the weight upon it about the abutment is equal to 
the moment about the same axis of the tension, which Mts at 
the summit of the chain. But it is obvious that the tension at 
the lofty summit of a suspension tower has £ur greater lever^ 
about the abutment than the compressive forces of a tube of mr 
less altitude would have about the same axis. 

It seems quite certain from Mr. Barlow's observations on the 
Niagara Suspension Bridge that, notwithstanding certain de- 
fects in its construction, it is in a great degree successful. The 
span of that bridge is 821 feet^ exceedinjg, as it is stated, by 
361 feet the longest ffirder ^et oonstructef "It is composed of 
wire cables, to which longitudinal stiffhees is given by timber 
trussing, and contains between the towers 600 tons of wood, and 
400 tons of iron. The Britannia Bridge, the next largest railway 
span in existence, has 3000 tons in each span of 460 feet." The 
Kia^iara Bridge has been in use for ^ve years and a half, and is 
subject to a neavy goods traffia During the passage of an 
ordinary passenffer-train, estimated to weigh 80 tons, Mr. Barlow 
observed the deflection to be '41 of a foot, of which he estimated 
the deflection due to actual elongation of the cable to be '182 of 
a foot The pamphlet before us gives several interesting par- 
ticulars respecting the bridge, and an estimate of its merits and 
defects, which seems to us to be in general judicious and 
accurate. 

But at this point our accordance with Mr. Barlow's views 
cesses. His subsequent investigations of 'Hhe mechanism of 
bridge construction,^ in which he estimates quantitatively the 
comparative strength of different kinds of railway bridges, are to 
our apprehension erroneous from beginning to end. He says,— 

" My object is now to endeavour to explain why these diffBrences are 
consistent with understood mechanical laws, and the peculiar properties 
of the maWial employed. 

Fie. 1. 



The same result arises m a cable AOR sunModed froai two fixed points. 
A and B^ Fig. S. 

Tie. S. 




Let ACB, ]Rg. 1, repneeent an aitch supported on abutments, A and 
B; and let Uie deflection produced by a given weight, loaded equally, be 
represented by unity. 

Now, let us consider the eflbct of making this arch into a self-sup- 
porting structure, or bow-string girder, by removing the abutments and 
substituti^ a tie, AB, Fig. 2. 

Fie. 1 




Assuming the same weight, W, to be placed equally all over, the de- 
flection will be 2, the points A and B bei^ no longer rigid, because the 
tie AB will extend as much as the arch AuB will compress. Therefore, 
to produce the same riffidity in a bow-string girder, fear times the metal 
is required as compared with sn aroh. 




If the back chains are removed, and a compression-tube, A B, Bubsti> 
tnted, the metal is doubled, and you have a structure of only half the 
rigidity. The Chepstow Bridge on the South Wales Railway is an ex* 
ample of this arrangement. 

The mechanical combination in the Saltash Bridge is represented by 
substituting the arch ADB for the tie AB, Fig, 4, forming a combina- 
tion of a suspension chain and an arch. 

Fie. L 
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The arch ADC will not perform the duty of oompreesion unless it is 
connected with the chun by the ties, aa, aa. When thus ooonected, 
both the cables and the arch assist in supporting the weight of the load. 

Hie points A and B now become fixed points, and as both the aroh 
and the chains assist in supporting the weight, the deflection will only be 
half that of the simple suspension cabl^ with doaUe the weight of 
metaL 

It therefore appears — Ist. To convert an arch supp(»ted on two flzed 
abutments into a oow-strung girder, four times the metal is requhed to 
support the same weight with the same deflection. 

2hid. To convert a cable suspended firom two fixed points into a Chep- 
stow girder, four times the metal is also required to support the same 
weight with the same deflection. 

8rd. To convert the same cable into a Saltadli oomlnnation (which wot 
sists of a bow-string and Chepstow girder combined, so that the hori> 
sontal tie in one case neutralises the compression-tube in the other, b^ 
which they are both avoided), the deflection is reduced one-hal^ with 
double the weight of material, or the same weight of metal will produce 
the same deflection with the same load, as in this case of the simple arch 
or cable. But this is obtained at the expense of double the depth; and 
if the arch or suspension-cable was of the same depth as the Saltash, onty 
one-quarter of the metal would produce the same stiffiiess.** 

Every one of these conclusions appear to us to be incorrect 
Take first the comparison of the structures, represented bv Figs. 
I shd 2. The author says that in the second case the deflection 
will be twice as great as in the first, '^because the tie AB will 
extend as much as the arch ACB will compress." This seems to 
assume that the arch ACB will sufier compression only, whidi 
is certainlv not the case. The ardi, if loaded only at its summit^ 
will be subject to transverse strains which will alter its radius 
of curvature at every point; the total amount of displacement 
of any part of the structure due to that alteration of curvature, 
could be estimated only by a very difficult investigation, and Uie 
result probably would be very complicated. But of none of these 
difficulties does Mr. Barlow take the slightest notice. 

Let us however take a case in which the difficulty arising from 
the variation of curvature is avoided. Even there Mr. Burlow's 
conclusion will be found to be not near the truth. 




Suppose instead of the arch ACB we have two straight bars 
oc, bo, connected by a joint at a, and resting on abutments a and 
d, and there connected by a tie ab, Mr. Ssirlow's conclusion, if 
accurate, ought to apply to this structure as well as to the arch, 
because his proposition does not take the curvature or rigidity of 
the«arch into account Therefore, in this structure also the de^ 
flection ought to be twice as great when points a and bait 
connected by a tie-rod as when they are immovably fixed. But 
is it not obvious that the relative amounts of compression and 
Tteosion must depend (inter alia) on the relative oomfirenibility 
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of tiM obliqae ban and the tiet For instanoe, the latter might 
be eo thidc and of metal so inezteneible, and the former so weak 
and of material so compressible, that the weight compressed the 
latter greatly, and extended the former scarcely at all: in this 
case the deflection would be the same as if, instead of tie-rods, 
the points a and h were fixed. To put this to the test of simple 
analysis, let ae = r, cd = x, ad =z y. Suppose the variations of 
these quantities after deflection to be 8r, Bjt, 8^, respectively; then 
ainoe #» + y« = r», we have je^ + y^y = rBr, nearly. If how- 
ever the distance from a to 6 be invariable, as where the points 
a and b are immovable, 9y is zero, and we have oAv = r9r. 



Therefore the deflection (jr is in the former 
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the latter case — . Therefore ^^ is the difference of the defleo- 
tions in the two cases. Also it may be easily shown that the ten- 
don of the tie due to a weight 2W at the vertex is W =-, and if 

X 

#1 be the compression of a unit of the length of the tie by a unit of 

tension l|y =^ ^ W^ . Consequently mW ^ is the difference of 

a ST 

deflection in the cases in question. So that instead of the de- 
flection beinff simply doubled, as Mr. Barlow states, it depends on 
the cube of the span and the square of the altitude of the 
■trueture. 

Simihir objections api^y to each of the other conclusions above 
onoted. We have no hesitation in affirming that they ignore all 
tne real difficulties of the subjects to which they rekte, and are 
whoUv incorrect 

la his theoretical comparison of the deflections of suspended 
and unsuspended girders our author is equally unfortunate. He 
aaya:» 

*'It has been assumed that the degree. of longitudinal strength or 
girder-power, to cure the wave from raUway traffic, would require to be 
so great that the nrder would carnr the traffic without the cable, and 
thai the failure of the Niagara Bridge was predicted; but a brief con- 
aidflralion of the subject satisfied me that such an assumption was far 
from the truth. 

Hie fonnula ^-^ = a constant quantity, 8 denoting the deflection, 

and 2, (, d^ the length, breadth, and depth of a beam, is full^ established; 
cr in other words, the deflection of a beam with a given weight diminish- 
ing as the cube of the length. If the beam AB, Fig. 5, be divided into 

Fio. 5. 
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two beams hj being supported at G, the two half beams AC and BC, will 
deflect one-«ighth of the amount' of the entire beam AB, with the same 
weight. Let us assume this to be a girder attached to a chain and a 
load plaoed at D, the effsot will be to (hstort it into the shape shown in 
Kg. 6. 

Fie. 0. 
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The deflection by the weight at D will cause a corresponding elevation 
«t the point E, and the girder will assume the shape represented by 
dotted lines in the figure, to produoe which a foree equal to double that 
for a given deflection on ha& the beam is required, from which it is 
evident that the wave produced by a given weight at D, will only 
amount to one-sixteenth of the deflection the same weight will produce 
on the entire beam resting on its two ends." 

It is here assumed that the deflection of the ffirder ACB will 
be the same as if C were a fixed point, and that that point in the 
centre of the suspension supports the beam in the same way as 
the fixed point C in Fig. 5. But^ in truth, the resistance of the 
point C is not nearly the same in the two cases. A characteristic 
of simple suspension chains is their mobility. In a railway 
bridge, properly constructed, the deflections would always be so 
v^^ that a force inconsiderably small, compared with the actual 
deflecting load, would suffice to maintain any such small defleo- 
tion at ue centre of ^ chain alone; that is, onaasisted by the 



girder. Consequently, ao far fit>m the point C offering the same 
resistance to depression as if it were a fixed point, it would iQ 
practical cases offer a resistanoe almost inappreciable; and there- 
fore, instead of the deflection of the beam AB being reduced to 
one-sixteenth of what it would be if not connected with the point 
C, it would be almost precisely the same as if the bcMun were not 
connected with that point it may be added, that Mr. Barlow's 
conclusion that the deflectbn is reduced to one-sixteenth, is in- 
correct, even if we admit his assumption that C is a fixed point. 
As, however, that assumption is erroneous, it is not necessary to 
demonstrate the error founded on it 

Mr. Barlqw has curiously enough selected, as an instance of 
the efficiency of catenary chains to reduce the deflection of 
girders, the one instance in which such chains are ineffective. 
The chain connected with the girder at its middle point only 
would be simply useless; it is only where the connection is at 
numerous points that the suspension diain is a valuable auxiliary. 
In that case the chain, if deflected at one point, tends to rise at 
others. K those other points be connected by inextensible ver- 
tical rods with the girder, the tendency in question is resisted^ 
and the upward puU of the vertical rods is the real cause of the 
efficiency of the chain to resist the deflection of the girder. For 
the reasons just mentioned, the elevation of the girder at £, and 
the contrary flexure referred to by the author, will occur only 
when the girder is attached to the chain at several points. Thte 
statical effect of that contrary flexure of the beauLcannot however 
be ascertained by any '< brief consideration;" and, after perusing 
the recent papers in this Journal on Suspension Girder Bridges^ 
the reader will probably be of opinion that the subject cannot be 
satisfactorily disposed of without recourse to the differential 
calculus. 

The question of the comparative economy of different kinds of 
railway structures is one of the very highest importance to engi-^ 
neers, and it would therefore have been unjust to our readers to 
pass over in silence what appeared to us erroneous in the pub- 
lished theories on the subject We most readily acknowledge 
the merit due to Mr. Barlow for his raising the question as he 
has done, for bis very useful experiments on model suspended 
girders mentioned in this pauiphlet^ and for his careful exami- 
nation of the Niagara Bridge. But while acknowledging these 
merits, we deem ourselves free to dissent from his theories^ 
and certainly consider that it would be most prejudidtd to the 
progress of engineering if crude doctrines such as those here 
noticed were allowed to take the place of matured and demon- 
strable condusiona It may be added that Mr. Barlow seems to 
place entire reliance on his own views, as he proposes to connect 
Liverpool and Birkenhead by an enormous suspension girder 
bridge, of the principal parts of which he assigns what he deems 
to be the proper dimensiona The span of this bridge is proposed 
to be 3000 feet, and its cost is estimated by him at ;£l,000,000. 



An Esiay on the Thermo-DynamicM of Ekutie Fkada, 
By JosErH Gill. — London: John Weale. 1860-1. 
It is but a short time since we introduced to our readers the 
recent discoveries of Mr. Wye Williams respecting the properties 
of heat, and the relation it bears to water and steam: relations 
which were however more of a chemical and physical character, 
viewecl in connection with the various phenomena of heat in its 
different conditions, than of a nature purely mechanical. This 
latter consideration forms the sole subject of the book before us, 
which, as its title imports, treats of the chemical action of heat 
in the production of mechanical work from the development ^of 
expansion of elastic fluids. In other words, Mr. Williams tells 
us what heat w as fiir as it is related to water and steam; while 
the author of the present essay informs us what heat does. This 
book cannot fail therefore to be of 'especial interest, inasmuch as 
— although a good deal has been written on the cause and nature 
of heat--little or nothing deserving acceptance has been advanced 
respecting the mechanical theory of heat It was principsdiy 
through Messrs. Joule and Mayer that we were first made 
familiar with the conclusions that heat and mechaniad work are 
mutually and reciprocally convertible; indeed, that they bear a 
definite relation to each otheiv-namely, that the mechanical work 
developed from a unit of heat (that quantity of heat which is 
necessary to raise the temperature of 1 lb. of water one degree of 
the Fahrenheit scale) is exactly equivalent to the work expended 
in raising a load of 772 lb. one foot high, or, what is the same, in 
raising one pound 772 feet high. How &r this conclusion is cor- 
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recty and froim vhat direction we liave to view it, baa been very 
elearlj pointed out by the antbor. The principles on which the 
above deductions are based, as Mr. €KI1 observes, no doubt appear 
to be in acoord with the general law of the conservation of force, 
which maintains an uncbangeability of force in the universe ^as 
far as quantity is concerned) as well as an unchan^bility in tne 
Quantity of matter, — which asserts that there is no loss nor 
deduction, no production nor addition, but that in eveiy case we 
meet only with transfer, cbanffe of form, condition, or direction. 
It is therefore the question whether this law would be equally 
applicable to heat or caloric as the work-producing medium. 
The fact that steam, after having passed through the steam- 
engine and developed a certain quantity of mechanical work, 
still contains (assuming it suffered no diminution of heat by radia- 
tion) the same quantity of heat, must at once deter the inquirer 
from forming a definite conclusion as to such an analogy, were 
the production of mechanical work by the steam not accompanied 
by a change in the condition of heat owned by the elastic fluid. 
It is therefore to this change that we must look for the solution 
of the problem. In considering this question, Mr. Gill maintains 
that it is necessary to distinguish between statical force and 
dynamical force of elastic fluids, in order to form a clear concep- 
tion of the thermo-d3mamical phenomena of machines. It is the 
pressure or tension of a constant volume of steam — like that con- 
nned in a boiler — which is here meant by the author to convey 
the idea of a static&l force of this elastic fluid. This force, like 
other statical forces, is characterised by an immobility of the 
energy exerted, and is therefore a question of equilibrium. The 
heat or temperature in this instance is sensible, whilst the co- 
relative mechanical equivalent is latent or undeveloped. On the 
other hand, dynamics force of elastic fluids is exhibited by energy 
in motion, as* is observed in the phenomena of expansion of a 
definite volume of steam. In the latter case sensible heat is con- 
verted into latent heat, and the issue is sensible work, which is , 
invariably accompanied by a fall in temperature. 

After having dwelt at some length upon the nature of heat, 
its source as a mechanical agent, its two states, and the transfor- 
mation from one to the other, viewed in relation with their 
mechanical equivalents, the author proceeds to consider the 
analogy between the thermo-dynamic phenomena of the steam- 
engine and those of the air-engine. The general conclusions 
arrived at in these inquiries may be enumerated as follows:-— 

" 1. I assume that heat, in its general signification as used in treatLug 
of thermo-dynamicsy is molecular motion of ponderable matter. 

2. That the conversion of sensible heat into latent heat, in the develop- 
ment of vi^urs and the expansion of elastic fluidsy is eiUier the approxi- 
mate cause of dynamical force mechanical work; or that such conversion 
and mechanical work are oo-existent and inseparable consequences of 
some oommon cause. * 

8. That the energy or work-producing principle of heat in elastic 
fluids is proportionafto the amount of sensible heat they contain, — their 
latent heat oeing indicative of work already performed, and iacapahle 
of performing more work directly in an engine, lliat consequently there 
is not a definite equivalence of heat and mechanical work, as the propor- 
tion varies with the condition of the heat in the elastic medium; and that 
Camot*s hypothesis, which attributes the dynamical force of elastic fluids 
to their expansion with fall of temperature but without loss of heat, 
seems so far to agree with the actual phenomena. 

4. That as elastic fluids may receive heat indefinitely, and any heat 
communicated tu them under constant volume exists in &em as sensible 
heat, the higher the temperature the greater the quantity of mechanical 
woik produced by a given quantity of uiermometric heat: — that therefore 
instead of an eqmvabnce of heat and mechanical work, we should assume 
an equivalence of calorific energy and mechanical work. 

5. That Uie specific heat of gases and dry vapours increases as their 
density decreases, while in saturated vapours the specific heat is a con- 
stant quantity; consequently, while saturated vapour in expanding per- 
forms work merely by change in -the quality or condition of the heat in 
possession, progressing in a constant ratio to the work done, gases and 
dry vapours, to perform work in proportion, require a quantity of he t 
to be communicated to them while expanding equal to their increase of 
capacity for heat under the circumstances: tnis neat must be communi- 
cated as sensible heat, and becomes latent in the expanding fluid; the 
amount of heat so converted' being the measure of the work performed. 

6. That as nothing but the equivalent and conelative dynamical force 
can re-convert this latent heat into sensible, the heat representing the 
mechanical work performed by an air or steam engine cannot be direeUy 
recovered, and (excepting in cases of a repetition of the process at lower 
temperature, as in Du TVembley's plan) we must get rid of it from the 
engine at once. I may add, 

7. That in elastic fluids an equalisation of temperature with contiguous 



substances takes place at a rsifce depending en the tension of the heat 
irrespective of its condition of latent or sensible. Thus the heat ol 
vapour or of hot air would equally be absorbed by a mass of wire-gaose o£ 
lower ten^Mrature; the former as latent heat which assumes the sensiUe 
condition in entering the metal, but at a lower tension which cannot re* 
convert into vapour the water of condensation under constant drcum* 
stances; the latter as sensible heat which might be given back to the 
air, theoretically without loss." 

The application of the theory of transformation of heat to 
thermo-dynamical engines is next treated ofl The relation be- 
tween the steam consumed and the work performed .is here 
S' uestioyed with respect to the ideas entertained by Seguin of 
be advantages to be derived from working steam expansively. 
While on this subject the author compares the efliciency of lie 
steam-engine aud various other engines depending in their ac- 
tion on the conversion of heat into mechanical work. To the 
latter class belongs the air-engine, the advantages of whioh-^ 
realised in its application on virtue of the extensive range of 
temperature this engine mav be made to work with — were 
pointed out several years ago by Prof. Thomson. 

With respect to the economy of fuel to be effected by the nso 
of dry or superheated steam, Mr. Gill says:— > 

** From the result of original experiment, corroborated by recent prao- 
tical experience in several marine engines, I am convinced of the advan* 
tage of dry or super-heated steam as far as economy of fuel is conoemed, 
provided the slides and pistons keep in good woiriong order. We have 
seen that, under constant volume, any quantity of heat communicated to 
steam out of contact with water will continue to exist in it as a sensiUe 
heat, which in this case i^pean to be the true cause of work, or source 
of mechanical effect. We have also assumed that the specific heat of 
dry steam, like a gas, decreases as its density increases, and heDOb 
another source of economy from its use as a dynamical agent. Moreover 
the well-known loss of heat from internal evaporation and condensation in 
the cylinder is also avoided with dry steam. The heat recovered from 
the flues or uptake in superheating systems, and the increased volume of 
the steam from increase of temperature, are also additional sources of 
economy of fuel, but of minor importance. On the whole we perceive 
that superheated steam offers so many theoretical i>oints of advantage, 
that every effort should be made to obviate or correct the serious prao* 
tical and mechanical difficulties which the method of superiieatii^ 
involves." 

After having stated his opinion of the advantages of the use of 
superheated steam, and the disadvantages which have in many 
respects still opposed its general introduction, and hinted how 
such disadvantages may be obviated, the author adverts to the 
danger of boiler explosions which attend the method of super* 
heating the steam. The views generally entertained of such 
accidents are, that the temperature of steam may be conside- 
rably increased by imparting to it additional heat after its dis- 
engagement from the water, without increasing the pressure to 
a proportionate desree, — in fact that steam under these droum* 
stances assumes the nature of ordinary gases. It is therefore 
supposed that steam, when it has been overcharged with a con- 
siderable and excessive amount of heat, and happens to come by 
any sudden disturbance or priming of the water in the boiler in 
contact with the latter, it unites with it, forms spontaneously a 
superabundant quantity of steam, which, not finding vent in time 
proportionate to its generation either through the i»fety yalre or 
the steam engine, and being of a pressure greater than that 
which can be resisted by the boiler, acts with such a momentum 
that a violent explosion is the consequence. The author how- 
ever dissents from this view, inasmudi as the heat necessary to 
convert the water in the boiler to a certain volume of low presr 
sure steam would equal the heat which is necessary to surcharge 
several such volumes of steam 400 or 600 degrees. From this it 
would follow (if the supposition of the abstraction of heat from 
the superheated steam for the spontaneous formation of new 
steam were true) that the volume of superheated steam would 
contract to a far greater extent than the increase of volume 
resulting from spontaneous formation of new steam. The con- 
sequence resulting from such operation would therefore be a 
pressure below instead of above the normal pressure. 

In conclusion, the author does not omit to notice the failures 
which up to the present time have rendered a more general 
introduction of caloric and regenerative engines impracticable, 
and suggests the application of moist air as a motive fluid. Of 
the practicability of the latter he offers a lengthy explanation, 
which will especially interest the reader in perusing his book. 
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EXAMINATIONS FOR THE ABCHITECTURAL 
PROFESSION. 

Wx have from time to time made our readers acquainted with 
the progress of this subject, and are now able to announce that a 
further step has been taken. The council of the Bojal Institute 
of British Architects, who originally brought the subject before 
their members, having towards the end of last vear elicited an 
expression of opinion from the general bodv of fellows that a 
voluntary architectural examination was desirable, proceeded to 
invite the other architectural societies throughout England to 
express an opinion on the subject. Accordingly, in reply, several 
aeries of resolutions, differing pretty widely in their scope, were 
forwarded by the various societies as the results of their delibe- 
rations, and were read to the members of the Institute at a 
recent meeting. 

That meeting was held speciallv with a view to discuss the 
subject, and ended by affirming that, as the decision had been 
come to that an examination was desirable, the Institute takes 
upon itself the labour of constituting one. The idea of a diploma • 
seems to have been almost universaUy condemned, and the inten- 
tion of establishinff a sort of standard of knowledge, with^ view 
to promoting the better education of the rising architect, is the 
only object just now aimed at. It was further decided to open 
this examination to all British subjects making a satisfactory 
declaration of their intention to practise as architects, and that 
ihe council shall, with the assistance of a committee, elaborate a 
scheme to be discussed at a future day. 

The most important points yet settled are — that an examina- 
tion will be instituted, and that its aim is to be educational only. 
We shall look with interest for the details of the scheme, and of 
the proposed certificate to those who may pass. Upon these 
points a good deal of discussion is anticipated. 



A NEW PROCESS OF OPEN COKING.* 
By Saxuel H. Blackwell, of Dudley. 

All coals divide themselves into one of two classes, bitu- 
minous and anthracitic The first class is again subdivided into 
caking and non-caking coal It is only these two varieties of 
bituminous coal which are ever submitted to the process of 
coking; in anthracitic coal there is not a sufficient quantity of 
gaseous matter present to render the process of coking neces- 
aaiT or practicabla 

The means employed for ookinff bituminous coal depend upon 
whether the coal to be coked is of a caking or non-caking 
quality. For coking the caking coal ovens are almost always 
used. From two to four tons are usually coked at each operation. 
In the best ovens the great obiects aimed at are: — first, as hi^h 
a temperature as possible, by heating the air re<]uii'ed for the 
combustion of the gases previous to its admission into the oven; 
secondly, the utilisation of the heat produced by carrying the 
ignited gases under and round the oven before allowing them to 
pass off; and thirdly, the admission of the smallest quantity of 
air necessary for combustion at such a point in the oven as will 
best prevent any cutting or wasting action upon the coal, either 
during the process of coking or af&rwards, before the charge is 
drawn. 

In South Staffordshire and elsewhere, where the coal is of a 
non-caking quality, open coke fires only have hitherto been used. 
These consist in their simplest form of a brick chimney or open 
flue, abut 4| to 5 feet high and about 2 feet diameter inside at 
the base and 18 inches at the top, around which the coal to be 
coked is carefully arranged, air holes being left in the sides of 
the chimney. The lar^st and longest pieces of coal are first 
piled up against the central chimney; against and upon these 
pther large coals are piled until they reach up as high as the 
chimney itself, and outside these again other coals of smaller 
size, the outside of the coke heap being carefully rounded 
off with smaller coal or cobbles. The quantity of coal coked 
in open circular coke heaps varies from 10 to 30 tons, accord- 
ing to the (quality of the coal and the purpose for which the . 
coke is reqnued. When the heap has been thoroughly rounded 
off, fine coke-dust is mixed witn water into a sort of paste, 
called ** blacking,'' &nd with this the whole of the heap is care- 
fully covered excepting about 6 inches height at the bottom, 

* From ft iwper reftd al the Inftitntton of Meehttiioal Xogliieen. 



which is left open to admit the neoetsary amount of air for the 
oombustion of the coaL lire la then applied to the top of the . 
coke heap close to the chimney; it graduallv spreads along the 
line of draught down the diimnev, and when it has attained 
sufficient strength it bursts out at the foot of the heap. As soon 
as this is the case, and the lowest portion of the heap is suffi- 
ciently coked, the bottom of the heap is gradually covered up 
with dry coke-dust, so as to exclude the air, and prevent the 
"Waste which would otherwise occur. As the fire extends up- 
wards the blacking gradually bums off higher and higher; and 
aa this takes place Uie fresh covering of dry ooke-dust is also 
extended upwards, but so as always to leave space enough be- 
tween it and the unbumt portion of the blackins for allowing 
a sufficient quantity of air to enter to complete the coking pro- 
cess, and avoid smothering the coal. When the blacking has 
burnt off entirely the covering of new coke-dust is made com- 
pletA to prevent any further admission of air; the whole Is 
damped down and allowed to cool gradually, and water is then 
)X)ui*ed into the fire to complete the cooling, and to act to some 
extent as a desulpherising agent, aqueous vapour always acting 
more or less in that way when in contact with red-hot coke. The 
process is now complete, and the coke is drawn for use. Besides 
the round coke heap with one main central chimney or flue, 
lone heaps with one or more chimneys or flues are frequently 
used; but in every modification of size or shape the same genend. 
principles are invariably carried out The air to support combus- 
tion always enters the fire from the surrounding atmosphere, and 
the products of combustion in the shape of dense masses of smoke 
or flame pass off from the chimney; tnere is also always a ^;reater 
or less extent of surface of bummg coal exposed to the air. In 
&ct, no one of the various processes connected with the manufac- 
ture of iron has so great an effect in destrojdng the general ap- 
pearance of an iron-making district and filling the atmosphere 
with smoke as the open coke hearths; and hitherto it has seemed 
as if it were predselv in this department of the mauu&cture that 
it is the least possible to get rid of this nuisance. 

In consequence of having largelv employed the pitch produced 
in the distillation of coal tar for the purpose of givinsr a binding 
or caking property to the non-caking small coiu or uack of the 
South Stafforashire district, the writer's attention was directed 
to the possibility of coilectin^ the products of combustion from the 
open coke heaps. It is well known that all bituminous coals give 
off in combustion gaseous products, which yield by condensation 
certain quantities of gas tar and ammoniacal liquor. The ouan- 
tities of both vary greatly according to the character or the 
coab themselves, the more or less perfect condensation of the 
gases, and the temperature at which the coking process is 
effected. As a general rule Cannel coab yield the largest per- 
centage; and with all coals, the lower the temperature during the 
distilling or coking process, the greater is the quantity of gas 
tar obtained. A few simple experiments showed the possibihty 
of collecting some of these products from the open coke heaps. A 
pipe was inserted into the coke heap near the top of the central 
flue, and its other end brought down into a bucket filled with 
water. A portion of the products of combustion was at once 
condensed, and ammoniacal liquor and some small quantity of 
gas tar were obtained. This experiment was followed by more 
careful ones, which led at last to the process of Open Coking 
abw to be described. 

In the new arrangement a central chimney or flue is built 
preciselv in the ordinary way for coke heaps. From the bottom 
of the chimney a cast-iron bend leads off into a pipe laid about 
2 feet below the surfieuie of the ground, which delivers into the 
main, running at right angles to it and passing to the con- 
densers; the condensers communicate at one side with the re- 
ceiver, and at the other with the stacL Two dampers are pro- 
vided for each coke heap^ one to close the top of the chinmey, and 
the other to close the bend pipe at the bottom. The coals are 
arranged round the central chimney exactly as in the ordinary 
coke heaps, and the heap when rounded off on the outside is 
covered with the ordinary blacking. This blacking however is 
spread over the entire heap, and no margin left open for draught 
at the bottom, as is generally the case in the open coke heaps. 
Fire is now set to the heap at the top; the top ot the chimney is 
closed by its damper, thus shutting off all direct communication 
between the open air and the chimney; and the damper closing 
the bend pipe is lifted up, so as to open a free passage into the 
pipe which communicates with the mam and so to the condensers. . 
If Uie stack connected with the oondensen be powerful enough^. 

14 
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BUffident air for the {5oiu bastion of the conl paasea tbrougb tbe 
coating of blacking to tbe fire; and as oombmtion goes on in the 
heap, the gaseoas products given off pass into the central 
chimney, and thence through the bend pipe and main to the 
condensers. The main is laid with a slight fall towards the 
condensers, and kept cool by a current of water passing over 
ita entire surface; and the condensers are also cooled by jets of 
water allowed to flow over them. 

An soon as the fire is at all advanced, eas tar and ammoniacal 
liquor be^n to flow from the lower end of the main into the 
receiver. The gases after leaving the main pass into tbe first 
large condenser and thenc* int« the second, in both of which 
oondeusation goes on; and finally the iincondensed portions of 
gas pass off into the stack. Fram both the condensers amnionia- 
cal liquor and gas tar are collected and do w into the receiver. 
Condensation in these condensers is facilitated by a aeries of iron 
plates placed in them, against which the nnoondenaed gases 
strike as they paaa onwar^is towards the stack These means of 
condensation are very imperfect, and are capable of great im- 
provement, but were adopted as being at the time the moat oou- 
veuient. If the draught of the stack be sufficiently powerful, 
and if the bend pipes and main are of sufficient area, combustion 
goes on somewhat more rapidly than in the ordinary coke fire. 
No smoke properly so called is ever visible, except from the top 
of the stack. No open burning surface is ever allowed to exist, 
and consequently even at night no flame whatever is visible i the 
blacking never bums off entirely, but as it dries and becomes 
partially consumed on its under surface where resting upon the 
hot coke, it is renewed from time to time, thus preventing any 
unnecessary waste in the coke heap, and consequently the yield 
of coke is larger than in the ordinary method of open ooting. 
No greater care is required in attending to the fires than in the 
ordinary coking, and thus no extra expense is incuiTed. 

In the arrangement of the pipes and main three points require 
attention. First, the area of the pipes and main must bo sufiicient 
for tbe free passage of the products of combustion. The cast-iron 
bends and the pipes leading into the mains hitherto employed 
are 12 inches diameter from the chimney to the main, and the 
main itself is 18 inches diameter; but the first should be at least 
15 inches and the latter 24 inches diameter. Second, tlie amount 
of fall, both in the pipes leading into the main and also in the 
main itself, must be sufficient to carry off the condensed products 
as rapidly as they are formed. K this be not the case the result 
is, that the gases being partially condensed the moment they 
leave the chimney of the coke heap, ^s tar is produced, which, 
if it does not pass off at onoe, is again distilled by tbe great heat 
of the pipe where it passes underneath the coke fire, and solid 
pitch ia produced, which gradually accumulates and chokes up 
the pipe. It is therefore dfesirable to have manholes or lids to 
these pipes, so that they may be examined and cleared out from 
time to time- Third, the cooling of the main by a stream of 
water flowing over it. To effect this the main is laid in an open 
brick culvert, which is kept filled with a current of water. It ia 
desirable to have manholes on the main also, so as to be able to 
examine it at any time; but if properly cooled by water, and 
laid with sufficient fall, it will keep clear without any attention* 
The water re<luces the temperature below that at which re-distil- 
lation of the liquid products of oondeusation can take place, and 
consequently no solid products can be formed to block up the 
main itself; but this depends altogether upon the main Wing 
kept pi*operiy cooled. 

The quantity of liquid products oljtainable by the condensation 
of the gaseous products of coking is very remarkable. It is 
known that in the process of coking in closed retoila the gaseous 
products given off produce on an average, by their partial con- 
densation alone, 20 gallons of gas tar and ammoniacal liquor per 
ton of coal; and by the imperfect methofi of condensation from open 
coke fires, as now described, even a larger quantity of liquid pro- 
tlucts is obtained. Every ton of coal coked in this manner yields 
from 30 to 40 gallons of ammoniacal liquor and gas tar; so tliat in 
works where 100 tons of coal per day are coked, at least 3CIO0 to 
4000 gallons are given off into the atmosphere daily in tbe shap^ 
of amoke and invisible vapour. How important must be the che- 
mical changes which are constantly being produced m the atmo- 
sphere by the great manufacturing processes, but of the extent of 
which, in consequence of their being invisible, we are under ordi- 
nary circumstances utterly unaware. The results obtained and the 
chemical changes produced in a visible form by the new method 
of coking illustrate this remarkably: a continuous stream of 



liquid matter runs into the receiver, which but for this simple 
arrangement would have been all thrown away into the atmo- 
sphere. The excess of products condensed in this mode of coking, 
in comparison with those obtained by the condensation of gas 
made by distilling coal in closed retorts, is easily explained. In 
the open coking the coal is in wet weather saturated with mois- 
ture; the blacking vised must of necessity be so; and in watering 
the fires, although the damper is closed at the bottom of the 
chimney, yet no doubt some aqueous vapour will pass by it into 
the main. But probably the great-'St source of this excess is to 
be found in the water actually produced bv the combustion of 
the hydrogen of the coal and the oxygen of the atmosphere. 

In reference to the value of the products obtained, ammoniacal 
liquor and gas tar, the first is of course, from the excess of aque- 
ous vapcur just alluded to» weaker than the ammoniacal liquor 
of gas works: 750 gallons of tbe liquor saturate 72 lb. of sulphuric 
acid, and produce 112 1b. of sulphate of ammonia, a quantity 
which, though small in itself, is yet sufficient to be worth extract- 
ing commercially. The value of the second product| gas tar, has 
not as yet been fully ascertained: the analyses made of it however 
show that its constituents are very ditf'erent from those of ordi- 
nary gas tar, and apparently more valuable. It does not contain 
80 much naphtha, but a much larger quantity of the light photo- 
genic oils now so extensively consumed in lamps^ and a large 
quantity of parafline. 

The great \'ariety of hydro-carbon products existing in gas tar, 
and their great and daily increasing value, owing to the nume- 
rous purp084is to which they are now being applied, render any 
new means of obtaining them upon a large scale a subject of 
much interest. From them are now obtained naphtha, creosote, 
photogenic oils of light specific gravity admirably adapted for 
consumption in lamps, heavier oils for lubricating purposes, and 
paraffine, which is used as a substitute for wax in the manufac- 
ture of the best candles. Besides tlrese, benzole and other com- 
pounds have recently been obtained, and are now employed 
largely in the production of the beautiful colours mauve and 
magenta, which have been so much used in dyeing daring the 
last two or three years. So rapidly have the purposes to which 
these hydro-carbon products are applied been extender!, that 
pitch, which was previously considered worthless for chemical 
purposes, and hod accumulated at chemical works as refuse waste, 
has during the last two years become so much in demand, that 
it was its advancing price and the increaaing difficulty of obtain- 
ing it that led to the experiments for collecting the products of 
combustion from open coke fires. The result* show how bound* 
less are nature^s resources, when science discloses the means of 
utilising them. In the smoke which pollutes the atmosphere 
and destroys the beauty of the district, large stores of viduable 
matter are being wasted, which science shows may be eiu ployed 
not merely for the ordinary purposes of dail? life, but also for 
those of decoration and ornament. Snrely the time will come 
when science and manufactures will be brought into such close 
alliance with each other, that all that is now dia tasteful and un- 
sightly in manufacturing processes, which is abnost always con- 
nected with waste, shall disappear. 
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roomtibr keeper, Aod all i 

tAao floM profided for An, 

xooma. FFBmlma £S6« B»' FUna to a unifonn teale of 8 fiMi to a& inch, aconmpanicd 

br a apddfleatloD, -to bo lorwanled with letUr oootaining motio aii4 aatbioifa name, to 

Q. Hegliibottoia, En. prDildafit, AMhUm-md&e-tjti/»f by tbe S6th iiiat. 

Tb* Oomnlttee of ihe Dvlbonaia Inrtitatfl^ Galcvt«i« iaiUba azduteota to ftazskh 
dflsigiiaaad eaUiDito to a btaJldiiif to be ereotedon the ftteon tbeHaklaa. OopiM 
of ooDdittoDi of tbe ooapetitioQ raintahed to applicaAta tij R. C. Lepife and Co., 
Ko. 1, WMtef^ian-ifcreet. Lofadonp E.C. Bnt priaa, 8000 mpeea. Second ptiaD* 
1000 nipeea, BeatKita will be nceired to March IL 

Plana are inTit<*d Ibr lajiDg oat for building four acrra of laad in Plymouth. Premliniit, 
£50, £]£, and £10. Flans to be itnt to Mr. W^iUioin Dvnj, HotuidliiODmbv Houae, 
Pljmuath, bjr Lit March next. 



THE STATICS OF BRIDGES. 
Errata, 

FajQ U col 1, UiM if finub top, for '* ruxpainiiig " read " reasoniag,** 

,, 2, cxA. 9, line U, Hot **prewDt** read " preseatcd.'' 
/d., Une 4J» for "to'* rsad *^io sok" 
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ARCHITECrrS' CHARGES. 

A LAW report has been forwarded to us, which contains matter 
of some importance, relative to a claim made hy an architect at 
Liverpool for payment for pkns and a specification of a building 
not erected. As condensed a statement of the case as can be 
made will no doubt suffice to point out its bearing upon future 
cases of the same nature, and upon architectural practice in 
general. 

The plaintiff, Mr. Wylie, an architect of Liverpool, brought 
this action against the defi|udant, Mr. Willmer, under the fol- 
lowiuff circumstances. The defendant had proposed to erect a 
large Duilding, and it was admitted that a sum of £2000 was 
originallj named, and subsequently a sum of j£2500, as the cost 
of the intended structure. Numerous alterations were however 
introduced by the employer's wish; and ultimately tenders 
were obtained upon a bill of quantities prepared by another 
surveyor (who now by-the-by has the work in hand). The 
lowest tender was over £6000, upon which the client returned 
the plans, and told the architect he would have nothing 
more to do with him. The architect upon this sent in a bill 
for 2\ per cent, commission on the amount of this lowest 
tender. The employer declining to recognise any claim at all, 
the action was brought, and resulted in a verdict for the de- 
fendant; or in other words, in the jury deciding that the archi- 
tect's claim for remuneration was unfounded. 

The principal points of law and custom seem to have been 
these: — Firat, the rate of remuneration was not contested. Mr. 
Cunningham, an architect of good standing and practice, was 
called to prove that 2^ per cent, on the amount of the lowest 
tender (which was claimed) was the fair remuneration; but the 
counsel for the defendant observed, "We do not dispute the 
2^ per cent," while the assessor before whom the case was tried 
— Mr. Edward James, Q.C. — narrowed the issue, by informing 
the jury, that in his opinion they had no right to award any 
leu sum. The next point is the footing upon which the relation 
of architect and client was held to stand. The assessor, in his 
charge, observes of the architect, '* That his right to recover 
depends upon the question of what the contract was between the 
plaintiff and the defendant.*' 

''If the architect is inatnicted to prepare plans and specdfications for a 
building, the cost of which is not to exc^ £2500 or thereabouts, a 
little more or a little less, he cannot expect to be paid if he prepares 
plans and specifications which are not applicable for such a boilding as 
that, but •require the outlay of a sum considerably exceedmg the limits 
of £2500, because his employment was to do a certain work. He has not 
done that work, but other work. He can therefore only recover in case 
he proximates to the contract which he lias entered into with his employer 
— that is to do the work specified by the employer. Now the plaintiff's 
case is, that there were no such limits at all given to him — that he was 
employed to prepare plans and specifications." 

In fiEkct, the question at issue narrowed itself to this, whether 
the repeated modifications of plan had been constantly accom- 
panied by a renewal of the instruction to abide by the original 
amount, or at least by an altered amount, of j£2500, which was 
stated by the defendant to have been fixed by him at a later 
occasion as his limit; or whether they amounted to instructions 
to do a certain building regardless of cost. The architect's case 
is thus put on the summing up of evidence: — 

"*But,* says he, 'the defendant came from time to time, brought 
rough sketches of plans, and altered the building, which originally was 
to consist of two stories only and a cellar, to four stories and a cellar; 
and made a totally different description of buUding from what was origi- 
nally contemplated; and he never specified to me anything about a limi- 
tation o^ money, but went on making these alterations, which would 
necessarily from time to time increase ^e expense. I obeyed' him — what 
I did was by his direction— 1 did nothing without him; and therefore I 
am entitled to recover.' And he ^is quite correct in that; because if it 
were as he puts it — if, although originally the party contemplated a build- 
ing to cost £1500 or £2000 only, and afterwards Mr. Willmer, without 
placing any limit on the amount to be spent, gave directions to the 
architect from time to time to alter his plans, to increase and expand 
them in such a way as that ultimately the plans and specifications 
required the outlay of £6S50 at the very lowest, Mr. Willmer must pay 
for that, because it was his own fault in not limiting Mr. Wylie in the 
way in which he ought to have done. He cannot therefore turn round, 
and say, 'I won't pay for it, because it is -not what I wish to have J 
But on the other hand, if the case is as put by Mr. Willmer, and Mr. 
Eraser, who is with him— 'that originally I contemplated £2P00 to be 
spent, and distinctly told Mr. WyUe that that was my limit; and tl^ 
afterwords, when I wanted alterations to be made, I invariably (and in 



that you have the evidence of Mr. Willmer and Mr. Fraser both to the 
same effect) told him that if the alteration would exceed, or render a 
peater expenditure of money neoessaxy than my limit, I would not have 
it done'' — then it is a veiy different matter, upon one occasion Mr. 
Wylie said— 'But it cannot be done for £2000.' Then said Mr. 
Willmer, 'Well, I will increase my limit to £2500, but within those 
limits you must keep.' And Mr. Fraser corroborates him; and they 
both say that, over and over again— Mr. Willmer says, twenty times at 
least — ^they told him he must not exceed £2500. Well, gentlemen, 
although it may be said, you cannot arrive accmrately at whAt would be 
the cost of erecting buildings according to certain plans and specifica- 
tions untU the quantities are taken out, yet it is obvious that an architect 
of skill and experience would have some general knowledge which 
will keep him within certain limits, and certaloly he ought to know the 
limits between £2500 and £6350. One of the witnesses called for the 
plaintiff^ Mr. Culshaw, said it is obvious he must have done so. Mr. 
Cunningham said, of course they cannot know it accurately, but they 
must know to a certain extent. Well, if Mr. Willmer and Mr. Fraser 
are correct in what they say, undoubtedly there were limits beyond 
which Mr. Wylie was not to go : Mr. Wylie did go beyond them; he 
prepared plans and specifications which are not of any use at all to Mr. 
Willmer; and Mr. Willmer is not bound to pay for them." 

The jury, as we have already stated, must have come to the 
conclusion that the instructions to adhere to the sum of £2500 
had been repeated whenever alterations had been commissioned 
{and this seems to have occurred daily); for they, after inquirinfl^ 
if they could award a smaller amount and being told they could 
not, returned a verdict against the claim. 

It is difficult to see how they could have done otherwise, con- 
sidering the charge they I'eoeived, though the result cannot be 
Considered as altogether satisfactory. There is no question that 
the professional man did work and spent time at the commission 
of his client, and that he is not to be paid for it. There is . 
no question also that he, in every point >save the question of 
amount, carried out the instructions of his employer, who 
daily superintended the progress of the drawings; and it is self- 
evident that if he received instructions to adhere to one amount, 
and at the same time instructions to go to an extent which 
reached more than double that amount his instructions were 
contradictory. He probably followed the most peremptory, and 
in his evidence states that he disclaimed any responsibility as 
to cost 

'' Mr. Willmer once asked him if he thought the building could be 
erected for £3500. That would be, he thought, about the latter end of 
September. He replied, *Mr. Willmer, you are contmually making alte- 
rations, and until those alterations are completed it is impossible to know 
what the building wiQ cost:' " 

It seems to us far from clear that the architect ought to 
have ^oue entirely without remuneration, notwithstanding that 
the discrepancy was so great between the proposed estimate and 
the actual lowest builder's tender; but it is very clear that, to 
carry out the principle to cases where such a discrepancy is 
small, would introduce great injustice. 

It is again to be regretted that in the architect's case the dif- 
ferent series of instructions given him, and their effect in adding 
to cost, were not traced from first to last, one by one. Had 
materials for this existed, and had this course been followed, the 
plaintiff could have probably shown that alterations were pro- 
posed to him which manifest on the face of them that they must 
have been accompanied by an addition of cost. Any jury can 
understand that, if a building covering a certain space costs a 
thousand pounds when forty feet high, it must cost something 
more to make it fifty feet high. We presume this was not possible, 
for had it been it would have probably established the plaintiff's 
case. An architect who anticipates many alterations on any 
work, had better keep a little journal of the orders received and 
modifications made, — ^to be preserved along with the papers re- 
lating to that work, and to contain memomn.la of all ordera 
involving alterations as they are given, whether to him by his 
client, or by himself to the builder. 

These instructions are in truth the feature in the case that 
causes us to hesitate as to the propriety of the settlement; under 
other circumstances there could be no doubt. Where an archi- 
tect has works left to a great extent in his hands, it is hfe duty, 
if he receives instructions as to expense at all, to abide by them. 
It is not always the duty of an architect to know the cost of 
proposed works — it is not always in his power; but it is always 
potn hb dutv and in his power to be straightforward. Unfor- 
fortunatelv, instances frequently occur even in plain and ordi- 
nary works (where there is no difficulty about forming; an 

15 
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approximate estimate, and wbere the eo»t is a matter of impor- 
tance to the employer), that a certain ckse of architects "will send 
in with their plans estimates which Xhef either know or ought to 
know are fidlaeions in the extreme; and as the actual cost is not 
discovered either till the work is done, or at any rate antil 
all preliminaries are completed, it sometimes happens that the 
proprietor is obliged to ffo on at a rate of expenditure that he 
did not contemplate, and leaves off with no very kindly feelings 
towards architects. It is to be hoped that the present decision 
will check this sort of thing, and that the architects who, either 
from carelessness or wilfal neglect, have failed to give to their 
estimates the attention they require, will, now that their own 
remuneration is shown to be endangered, pay a litttle more 
remd to this very essential part of their professional duties. 

So much for law. As for desirableness or expediency, no one 
can q^uestion that the occurrence of such contretemps is most 
undesirable. Architects should early come to an understanding 
with their employers as to the question of cost; they should ac- 
quaint themselves with all the usual methods of approximate 
estimating, and should employ them: but where working for 
private clients it is especially desirable to have the approximate 
estimates prepared by a third person. It is also well to have 
estimates made of every important modification; and it is espe- 
cially to be recommended as prudent, if the architect and client 
have an important conversation in which the basis of future 
operations is settled, that the architect should sit down, while 
the recollection of all that has passed is fresh on his mind, and 
write his impressions of the arrangement come to— send a copy 
of them to* his employer, ask if they are correct, get an answer, 
and keep it Above all, it is due to himself for the architect to 
stand out for a liberal estimate in the first instance: it will save 
him a world of trouble, and the client a world of disappointment. 

Little of this however can take place when the work is 
gained by public competition. In nineteen cases out of twenty, 
the selected plan, if not chosen because it is the work of a 
friend, is selected because its author, notwithstanding that it is 
among the most ornamental submitted, dedares that it can be 
carriM out for a sum which any man of judgment would know 
to be absurdly below even a probable amount From so auspi- 
cious a commencement flow results which there is no reason to 
Question have damaged the standing of the profession, and have 
aeteriorated the moral character of many or its members. It is 
therefore to be earnestly desired, that in all cases where clients 
treat their architect with that confidence without which no pro- 
fessional man can act comfortably, he should do them justice. 
No client can expect to be well served, either by his lawyer, his 
doctor, or his architect, unless he makes the professional adviser 
understand that he h at perfect liberty safely to tell him an un- 
pleasant truth if it be necessary. If the architect is not made to 
feel that this confidence is reposed in him, the client must expect 
to suffer. If however such confidence is bestowed, the architect 
ought to be both skilful enough and honest enonch to repay it, 
by knowing within a moderate limit what can and what cannot 
be done for a given sum of money; and by unreservedly and 
frankly laying the state of the case before his client. 



THE STATICS OF BRIDGES. 

(Ckmtinaed from page 2.) 
II. — The Duty of a Bridgey and the Theory of Moments, 
In the inquiry which we have proposed to lay before our 
readers we may at once disclaim all pretension to having any 
new truths to impart on a subject which has been so long, so 
profoundly and variously studied by many able men. It will be 
our sole endeavour to exhibit known, and generally speaking 
very old ti*uths; putting them in theur simplest form, and ar- 
ranging them in such order as may best guide us in the in- 
vestigation upon which we are about to enter. But familiar 
and even trite as the subject of our study may be, no prescription 
is impqped upon us as to the method of examining it: in this 
respect, while novelty is not to be sought for its own sake, we 
are not to be deterred fh>m striking out a new path, so it enable 
us to follow more closely the simphcity of truth. It will be an 
ample recompense to our labours if, without discovering a single 
novel fact, we are enabled^ to reflect any light on those which are 
generally admitted;— «o fiur to map out what is self-evident or 
well known as to define the limits of what is obscore;— or to dis- 
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eem a unit^ of principle under every diversity of form and action. 
But this issue is only to be sought with the patience and 
humility proper to learners. We most endure to be^ with 
veiy obvious truths; to prooeed slowly and oircumspectly at the 
outset; and scrupulously to examine those eases espedalty in 
which it has most been our habit to take things for granted. 

To look at a bridse in the most general way, we have rather to 
consider the task which is imposed upon it than the peculiarities 
of its construction. The dut^ of a bridge is to sustain a load 
between points of support which are separated by a considerable 
horizontal interval. The downwanl pressure of the load has 
thus to be transmitted along the structure of the bridge towiutis 
these points, whero it meets with the upward reactions that fur- 
nish its ultimate, as the bridge has fumbhed its immediate, 
support In discharging this duty the bridge is exposed to forces 
that tend to make its parts rotate in opposite dh-ections. Thus, 
if a bridge of one span were divided at any point, the direct 
pressure of the load would operate to make either part turn 
aown wards on its point of support as on a fulcrum, the directions 
of rotation of the two parts being contraiy. A bridge is so con- 
trived, Hiat these ten- 
dencies of its parts to 
rotate in opposite direc- 
tions under the action 
of the load give rise to 
reactions which insure 
the equilibrium of the 

Iq whole. A little Anrther 

' consideration will ren- 
der this suffidenUy ob- 
vious. 

If a load Wrests on a 
beam AB, which again 
rests on a pier P verti- 
callpr under the load, 
as m ^g- ly the whole 
arrangement will of course be stable. But if. as in Fig. 2, the pier 
P is not vertically under the load W, the beam will turn over. 
The downward pressure of W where it rests on the beam may be 
represented in magnitude and direction bv the arrow D. An 
equal downward pressure is transmitted by the beam to the 
pier, where it is met by a vertical reaction, which may be repre- 
sented by the arrow C, of the same length as D, and in the oppo- 
site direction. 

In Fig. 1, the arrow C being immediately under the arrow D, 
the reaction neutralises the action, and no motion takes place. 

Fio. s. 
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But in Fig. 2 the vertical directions of these arrows are separated 
by the horizontal distance CD. In this case the action of the 
weight and the reaction of the pier cause the beam AB to torn 
round, in the same way that the power applied to a lever and the 
reaction of the fulcrum turn a lever. The leverage in the present 
case is the horizontal distance CD; and the number of cwts. or 
tons in the weight W, multiplied by the number of feet in CD, 
is the moment^ oic in other words the rotatory force tending to 
turn the beam AB in the direction of the curved arrow. 

Now suppose W, instead of resting on one beam, to be placed 
on two beams, AB and BE, at the point B where their ends 
meet; their other ends resting on the piers P, Q (Fig. 3): W will 
turn both these beams down, and it is evident that the rotations 
of AB and BE will be in opposite directions, as shown by the 
curved arrows. 

Let us now suppose the beams AB, BE to be put slanting up 
against each other at B, as in Fig. 4, and reossses or skewbacks 
to be cut in the piers for the lower ends A« E, of the beams to 
abntagunst The UnuI W being placed at B, AB and BE have 
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a tendmey to tan dowDwardi, towardi the potitioB, mj, ahown 
bj the dotted beams AF and FK Bat AF and F£ are shorter 
than AB and BE, so that the beaois oould not reach this position 
without being oompressed or crashed so as to shorten their 
original lengths; nnless the piers P, Q, were Uirost apart^ so as to 
lengthen the distances from A to F and from £ to F. U then 




the piers are saffidentlj firm to maintain their position, and the 
beams strong enoogh to resist compression, the stnictare ABE 
will preserve its form and carry the load W. Thus the opposite 
moments of AB and BE are brought to counteract each other by 
means of compression or thrust, so as to secure the equilibrium 
of the whole. This exhibits Uie principle of the arch in its 
simplest form. 

Again, suppose some such arrangement as in Fiff. 5, AB and BE 
being links, connected by a hook and eye at B, where the weight 
W is hung, and the ends A and E being supported by hooks 
&stened to the piers P, Q. In this case the pressure of the load 
{^ves rise to moments in the two links tending to depress them 
into the position AF, FE. But AF and FE are longer than AB 
and BE; so that if the piers are finn enough to resist being 
7x0,4. 




drawn inwards, and the links AB and BE strong enough to 
resist stretching or rending, no change of form will take place, 
and equilibrium will ensae. Here we may recognise the suspen- 
sion chain reduced to its simplest form. 

Fig. 6 shows a third, and that the most obyious, arrangement 
for securing stability. This is simply to unite the beams AB 
and BE into one continuous beam. The weight W tends to turn 
AB and BE different ways as before, but this tendency wUl now 
be effectually checked unless its operation is powerful enough to 
break the beam at B: and depression will take place so far only 
as the opposing moments are sufficient to cause the beam to bend 
at B (and elsewhere). Equilibrium here results from the trans- 
Terse strength of the beam and its inflexibility; or, more strictly 
speaking, mm the elastic forces brought into play by flexure. 
In this consists the stability of the girder. 

While then the girder sustains a transrerse strain, and con- 
Teys merely a Tertiod pressure to the piers, the simple forms of 
areh and chain shown in f^gs. 4 and 5 are exempt from trans- 
Tvrse strain, and derire their stability from a horizontal reaction 
at the piers: the arch being altogether in compression, and exert- 
ing an ontward thrast against l^e piers; while the chain is entirely 
in tension, and exerts a force tending to draw the piers inwards. 

Since no material is absolutely incompressible, it follows (to 
revert to Fiff. 4) that the -lensths of AB and BE will in some 
small degree become reduced through the thrast they undergo in 
snpporting the load W; and the apex B must theiefore sink to 
soon an extent as to keep their ends in cootaot when thus short- 



ened« This small depression or deflection is commonly known in 
an arch as " settlement" In order to the stability of ABE under 
the load W, a certain amount of thrust must be exerted against 
the piers. This can only take place through certain oompressiye 
forces being brought into play; in order to which result^, AB and 
BE must be actimlly compressed or shortened to some definite 
extent by the settlement of the apex B. This settlement will 
therefore begin as soon as the load is placed on the arch, and 
increase tmtU AB and BE are sufficiently compressed to produce 
the requisite thrust: as soon as this takes place the loaded arch 
will be in a state of equilibrium, and any further deflection will 
be arrested. 

In the same way, in Fiff. 5, the amount of tension caused by 
the load W will stretch the links to a certain degree, so as to 
cause deflection. As soon as the necessary amount of deflection 

Fio. 5. 




is produced, the loaded chain will have attained a condition of 
equilibrium. And in the girder, Fig. 6, a certain amount of 
bending, and consequent deflection, must take place before the 
beam can put forth the requisite transverse strenfi:th. On this 
deflection being reached, a stop is put to the furtner change of 
form which the opposite ponderating moments of the parts AB 
and BE have a tendency to produce. 

In any bridge, therefore, no matter of what form, the load 
must cause a certain decree of deflection, in order to bring those 
forces of reaction into pky on which equilibrium depends. With 
these forces of reaction and their different modes of operation we 
do not propose, however, at present to concera ourselves. The 
matter to oe first consiaered is the nature and the amount of 
those ponderatinff moments of rotation with which, as we have 
already seen, the load affects the various parts of l^e bridge. As 
this question is dependent on the theory of couples, it ^comes 
necessary to ascertain the principles by which in accordance with 
that theory our calculations should be goveraed. This we will 
endeavour to do in three propositions. 

Fig. 6. 
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Proposition 1.-— Any two systems of parallel pressures, equal 
in amount and diametrically opposite m direction, will either 
hold each other in equilibrium, or have a definite moment of 
rotation, the amount of which ib independent qf the poeition 
aeeianed to the centre qf rotation,* 

^ If the resultants of the two systems are in the same straight 
line, the result will be eouilibrium; if not in the same straight 
line, rotation. Take the latter case (see Fig. 7). 

^t PifPftPg, and 9i, 921 ^89 ^n be two sets of parallel but oppo- 
site pressures in one plieme, having equal resoitants represented 

* AlfBbimiealty qMaldBg; if the lam of a qritem of pwaUd pntmires te nothing, t 
momsil of fte tykm k a oolurtaot indapendest of Um poiltloB of the oen&e 
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•in position and amonnt by the arrows P and Q. The prodacit of 
one of these resoltants and the perpendicqlar distance mil be- 
tween them represents the moment of rotation of the oombined 
system of pressures about an^ centre in the common plane. 
Suppose X is the centre of rotation, and draw the line xob pandlel 
•to mn and meeting the directions of the resultants in a and 6. 
Fio. t. 
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The pressures p will have a i^ultant downward moment about 
X equal to Pxftj?; and the pressures q will have a resultant 
upward moment equal to QXaj?, or =PXflJ?, since Q=rP. The 
common moment of all the pressures about x will therefore be 
equal to PX6a?— PXar=pXa6, =PXmi», because o6=fnn. 

Propositton 2. — If there be two pairs of sets of equal and 
opposite parallel pressures, the common moment of the whole 
system will be equal to the sum of the moments of the two sets 
if both are in the same direction of rotation, or to their difference 
if they are in opposite directions.* 

In Fig. 8, let P^ and Q^ be the resultants of the first pair of 
sets of parallel fio. g. 

pressures, at a . 
common dis- . 
tance m^n,; and 
letPjandQjat 
a distance m^nj 
>be the result- 
ants of the se- 




cond pair. The 1 ^ 
moment of the R 
first pair beinff 
P,Xmi»ii, and 
the moment of 
the second be- 
ing PjXnijn^, 
the sum of these 
moments is the common moment of the whole system. 

This becomes evident on assuming a common centre of rotation 
jr, and drawing x\ equal and paraSel to n^tii], and ar2 eqiial and 
parallel to n^^. For the first pair cause the same moment of 
rotation about jr as if P^ were applied at 1, and Q^ supplied the 
reaction of the centre at x. And in the same way, the second 
pair cause the same moment about a? as if P^ were applied at 2, 
and Q2 at x. It is therefore plain that the common moment 
about X is the Sum of these moments, their directions of rotation 
being the same; and would have been their difference, had the^ 
been in opposite directions. 

Proposition 3. — If any set of pressures in one plane are in 
a state of equilibrium, the sum of moments tending to cause 
rotation in one direction must be equal to the sum of moments 
in the opposite direction.t 

If the pressures are not all parallel, they can by the parallelo- 
gram of pressures be resolved into pressures parallel to two 
straight lines; and these pressures can again be reduced to pairs 
of opposite resultants: this proposition will then evidently follow 
from Prop. 2. 

Let us now consider the moments of the load carried between 
the points a and h (Fie. 9).}! 

The distance ah is divided at the points I, 2, 3, &a into eaual 
intervals, each = d\ the load being divided into corresponding 
portions, represented by the rectangles 2^, l^ l^ &c., the sum 3L 
which is eqaal to L, the entire loadl A is the vertical reaction 
at the point of support a, and B is the reaction of the support 
at 6. As the whole load is supported by the reactions at these 
two points, it is plain that A+^^L. If therefore A equal the 

* Algebraical!/ speaking, the mooMnt of the whole syitem is equal to the ium of 
jDonaents of the parts, with their proper signs. 

t Algebraically expressed by saying, that if a qntem of pressorw is in a state of 
eqailibnam, the sum of their moments is equal to nothiM. 

X The span between the points of snpmrt in Fiff. 9Ts supposed to be 40 feet, the 
equal iutenrals, 2 feet each. The weight in cwts. of each poraon of the load is g^vvn, 
andthepoaitiaii of feheomlreof mViliy flgujwd,|o ^tebletho-iwder, if.so diipo^ 
to go into the question anthmeticaUy. 



portion of the load from a to 8» B muat equal the remainder from 
-8 to b. It will be sufficient to .consider the momenta from a to 8, 
as the same method will be appUoable to those from 8 to 6. 

The upward pressure arising from the reaction at A is trans^ 
•mitted, wrough the structure that carries the load, from a to 8^ 
^t at. the same time successively reduced by the action of the 
portions ^1, l^ &C. of the load. Thus, 

At a the reaction =r A =/i+^j+L+ L 

Atl ., =A-.Zi =^,4-4+ -4 

At 2 „ =A-^-^ =^5+ l^ 

and so on. At 8, reaction = 0. 

The portion \ of the load is subject to the action of its own 
weight acting at its centre of gravity ^g,* and the vertical reaction 
=L at 7. These opposing pressures create in ^3 a moment equal 
to IdX^g. The pressures acting on U^ are— 

A downward pressura =: l^ at the point 7; 

Its own weight = ^, acting at its centre of gravity g^ ; and. 

The upward reaction = ^+/g, at the point 6. 

These pressures are resolvable into two pairs, — viz. 
/g downwards and /g upwards, at a distance d\ and 

d 

Ij downwards and I, upwards, at a distance — . 

The sum of these moments is the moment of ^; or, moment of Ij 
is equal to 4rfX(^+2/g). 
In the same way, l^ is subjected to the following forces:— 

Action =^+^81 at the point 6; 

Action =:/«, at the centre of ^vity g^ ; and 

Bea^on=l^+lj+l^ at the point 5; 

and the moment of l^ is equal to irfxC/c+S/^+^y. 

By similar reasoning, the' other moments are obtained, as 
follow:— 

Moment of/, = hdx{ls+^e'^^r+^' 

„ /3 = |rfx(/3+S<+2/,+2/g+2^+2?g). 

h = |rfX(/4+2i8+2/,+2/5+2/e+2/,+2'a). 

I, = |rfX(/i+2/j+2/3+2/4+2/6+2/g+2/,+2/g). 

Thus, the moment of any section 2. is of the form ^(fxm,,, of 
which the first factor is constant and equal to half the common 
intervsl d between the points of section, and the second factor 
follows the simple law that m« = m»+i+/«+t+Ai- 
Thus, 11I0 (with which we start) being = • Ig 

To find my, add to mg, /g and /y ... ... h+U 



Which gives m^ 
To find mg, add /y and /g . 



/. 



4 



+2/s 



Which gives wig = l^ +2lr +2ig 

and so on. ^ 

We have thus divided the portion aS of the load, equal to the 
pressure of reaction A, at equal intervab into the sections 

L l^ l^; and seen how by simple additions to determine the 

factors m^jfTi. m^ which, when multiplied by half the common 

interval, will give the respective moments of these sections. 

Fio. 9. 




ffWyuAvfVri 



I 



I 

..-ta'.//'- -jiJB 

I 



Since all these moments tend to rotation in the same direction, 
it follows from Prop. 2, that if we take two or more adjacent 
sections together, the common moment of the portion of the load 
which they compose will be equal to the sum of their several 
.moments. 

Thus, the moment of the portion of load from a to 2 (or ^ and 
y will be equal to Jrfx m^+idx m^^^dyc (mi+mj). The moment 
of the portion of load from a to 3 = JdX (nh+m^+m^ ; and the 
entire moment of aS is equal to the sum of all the moments, or 
ss^dxCm^+m,-)- mg). The same process is equally applicable 

« Tho ceutres of gniTity fff, a,, Igc, lure suppoied to be midway betwten the points 
S, 5» C, 4te.» hnt sw not martod in (he disgrap, to syoid coafas i oa. 
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to the oib^ pjortioi: of tbe load (from 8 to b)y the moment of 
which will be in the oppoeite direction. 

By the method just explained, a process of continued addition 
twice gone Uiroiuffa^— the first time Irom 8 to o, the second time 
from • to 8^-yieKi8 a series of factors, which when multiplied by 
^d give the moments of the section a8 and of all leaser sections; 
the section aS being supposed to comprise such a portion of the 
load as will be just equal to the reaction A. To apply this 
m'ethod, it is necessary to know the reaction A, in order to find 
the point 8, where the vertical reaction vanishes and the load 
naturally divides into two portions having opposite moments. 
• When the pressure of the entire load h, acting at its centre of 
ffravity O, is m eouilibrium with the verti(^ reactions at a and b, 
(which will be tne case when the load is carried by a girder 
havinff its ends at a and 6 perfectly free; or by a chain having 
its ends fixed at the same level; or when the load is svmmetri- 
cally disposed over a symmetric^ arch); it is easy to aetermine 
•A and B after fixing the position of G. 

To fix G, take once l^ twice l^t thrice ^3, and so on from a up 
to b; divide the sum by L; multiply the quotient by the common 
interval d; the result^ less ^ will be the distance of G from a. 

V«,+«,+y (,pto» ^^_j^ ^ ^^ ^^^ ^^ 

^ Since the pressure L, (rrA-f-B), of the load, acting at G, is in 
equiHbrium with the reactions A and B at a and 6; and since 
'these pressures can be resolved into the couple A and A, at the 
distance aG, tending to rotation one way, and the couple B and B, 
at the distance Qby tending to rotation the opposite way; these 
opposing moments must (Prop. 3) be equal; or. Ay aG=: Bx^G; 
from which it follows that 

A T ^^ 4 T> T V «G^ 

A = L X — r-> *^<^ ^ = I' ^ — r- 
ao ao 

In this case, the moment of the section of the load (a8) is equal 

.to the opposite moment of the remaining section (bS). In any 

Fio. 



sistentwith the nature of masoniy. Therefore e must be the 
point of Greatest Moments, the load dividing there, so that the 
vertical reaction A is equal to the load (indading masonry) 
from a to ^ and B is equal to the load from e to 6: and this 
even if the two sides of the arch are very unequally loaded; in 
which casd the weight of the load, acting at its centre of gravity, 

Fio. 10. 




will no longer be in equilibrium with the vertical reactions at 
the points of support How this is met will be seen when dis- 
cussmg the theory of the arch. 

The method of computing the moments by addition wUl be 
made plainer by taking an example. Fig. 11 represents a load 
carried by a girder between abutments at a and b, the ends of 
the girder being free. The span of the girder is 64 feet: of this 
length one half, or 32 feet (from a to c), is loaded uniformly at 
the rate of half a ton per foot forward; the other half is uniformly 
loaded at the rate of 2 tons per foot forward. The load is sub^ 
divided into 32 sections at equal intervals of 2 feet. Thus the 
16 sections from a to c will each weigh 1 ton, and the 16 sections 
from c to 6 will weigh 4 tons eac^; and the total load will be 
60 tons. 

The first step is to determine the position of the centre of 
gravity G. This is found by the formula, 
11. 




TnTICAL SCALB OF 



case, the point where the load naturally divides, as at 8, is that 
of Greatest Moments, the opposing moments each reaching a 
maximum at that point. 

The point of Greatest Moments is also (as we have seen) that 
at whicn the vertical reaction transmitted from either point of 
^support vanishes. K the structure which carries the load is inca- 
paole of transmitting vertical reaction from either support beyond 
.a certain point, th^ point wiH consequently be the point of 
Greatest Momients. 

Take for instance a masonry arch (Fig. 10). No part of the 
vertical reaction from a can be transmittal beyond the crown at 
c; for this could not be conceived without supposing some of the 
▼oussoirs beyond c to hang from the keystone, whidi is not con* 



WaioBn ASS Momim. 



1+2+3+44- 16+17X4+18X4+. ^^X^ vg-i~aG- 



80 
fxl7+(fx33-.L^Xl7)x4 



80 



X 2 - 1 = aG. 



Tlierefore aG=r41'-e^ and G6=22''4. 

Having the position of G, we can now find the values of A 
and B, the reactions at a and b. 

A = L X *^- =80 X ?|1^ =28 tons; which leaves B=62 tons. 
db 64 

A being 28 tons, to fimd the point of greatest moment we must 
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take audi a portion of the load, reckoning from a, as wQl amount Table L bIiowb the mode of oompnting the mdmenta of the load 
to 28 tons. This fixes the point of greatest moment ,at M, 6 feet from a to M by simple addition. The first line^ marked ** NoJ* 
from e, and 38 feet from the abutment a. It will prove oonve- gives the numbers of the respective lines of subdivision. The 
nient to call this point zero, and to number the points of sub- second line, marked *' W," gives the weight in tons o jeaoh sec- 
division from it towards th^ abutments on either side. This will tion. The fifth line, marked ** M," gives the respective values of 
give Nos. to 19 from M to a, and to 13 from M to 6. the iiBustor m for eac^ section. 

Tablb I. 

To check the work in the line M, obaerve that the last number (55), added to the latt weight (1) gives twice the total load from to the abutment, 

(56 = 2 X 28). To check the work in the line ^ observe the last total (676) is the Bum of the numben in the line M. 



19 18 17 16 15 14 18 12 11 10 



No. 



1 
1 

53 
55 



55 



1 
1 

^ 53 

55 

108 



J 



1 
1 

49 
51 
pl08 
J 159 



^ 51 



1- 

*- 49 
pl59 
J 208 



1- 

*- 47 
p208 
J 255 



1- 

^ 45 
p255 
J 300 



1- 

^ 48 
p300 
J 848 



41 
p843 
J 884 



1- 



J- 



89 
384 
428 



^ 85 
I- 37 
p423 

J 460 



-X «8 



460 
495 



p460 
J 495 



1- 

*- 83 
1^495 
J 528 



1 

1 

29 

81 

r528 

559 



1 

1 

27 

29 

559 

588 



/27 

|r588 

J 615 



^ 20 



25 
615 
640 



|r615 

J 640 



I- 



^640 
J 660 



1^ 

p660 

J 672 



r672 
J 676 



W 

w 
m 



M 

t 



The weight of ^0, 1) is 4: and the value of m for this section is 
4; its moment bemg half the common interval multiplied hy 4. 
The weight of (1,2) is 4: to this weight we add, on line iO| the 
weight of preceding section (=^4), and, on line m, the fnomerU of 
preceding section (=4); the sum (=12) is the value of m for (1, 2). 
The same process is continued, as shown by the diagonal lines, 
to find the successive values of m up to 55 for the section (18, 19). 
Then, by continual addition backwards,— the last sum being 
brought forward on the line «, as indicated by the diagonal lines, 
— the numbers on the line S are obtained. Thus, for the portion 
of load from 19 to 13, S=300; and 300 multiplied by 1 (the half 
of 2, the common interval) is the moment of (19, 13), and the 
transverse strain in tons on the girder at 13. So again, the 
moment of (19, 12) is 343x1; the moment of (19, 11) is 384X1; 
and the greatest moment, or that of Uie load from 19 to 0, is 
676X1. 

Table H. 



No. 1 2 8 4 5 6 7 8 9 10 11 12 18 


W 




4 


4 


4 


4 


I 


4 


4 


4 


4 


4 4 


4 


4 




H 


— 


4 

676 


12 
672 


20 
660 


28 
640 


96 

612 


44 

576 


52 


m 


68 


76 84 


92 
192 


100 
100 . 




H 


^Z% 


4S0 


420 


B52 276 





Table II. shows the steps of the process for finding the moments 
from M to 6; the lines lo, m, and « being omitted, as no longer 
necessary for explanation. The first process of addition, for find- 
ing the figures in the line M, is in this table from left to right, 
bein^ at the left hand: the second addition, for finding S, is 
from nght to left. Each step may be easily performed m the 
head. Thus, in the line M : tor section (1, 2) — " 4 and 4 are 8, 
and 4 are 12;" for section (2, 3)—" 12 and 4 are 16, and 4, 20,-" 
and so on. The simplicity of this process is extreme as compared 
with the usual method of finding the units of strain on a beam, 
on the assumption that every put of the load derives support 
from both abutments. The results are identical, the essential 
principle involved, tlutt of the lever, being the same in both 
cases. 

Suppose, for example, it is required to find the units of strain 
at c (or the moment of the load ae) on the hypothesis usually 
adopted in the case of girders. The section (18, 19) weighs 1 ton: 
its centre of gravity is distant 1 foot from a and 63 feet from h. 
The portions of its weight transmitted to the abutments a and b 

1 V A^ 

must be inversely as these distances: so that ^^ ■ tons will be 

64 
1 Xl 
transmitted to a, and ^ - tons transmitted to 6. 
o% 

Thus, (18, 19) causes two opposite mqbents in m. The first, 
1X63, 



due to the portion • 



64 



distance of 1 foot^ wiU be equal to 



tons and an e^ual reaction at a, at the 
1x1x63 



64 



The second, due 



s 



ixi 

to the remainder of tons and an equal reaction at c, at the 

o4 

I X 1 X 31 

distance of 31 feet, will be equal to — -^^ — • The difference of 



these moments, = 



64 
1X1X63 1X1X31 1X1X32 



, is the 



64 64 "■ 64 

moment which, on the whole, (18, 19) causes in ae\ and this gives 
the amount of strain produced at e^ since an equal and opposite 

moment — ■^. which is created in 5c. 

64 

By similar reasoning, (17, 18), also weighing 1 ton, having its 
centre of gravity distant 3 feet from a, creates at c a strain equal 

1X3X32 ,_^ _^. .,, . . 1X5X32 , 

to — ^T — ; (16, 17) will cause a stram = — — — ; and so on. 
64 64 

The strain at c, arising from that part of the load which lies 
between a and c will thus be= 
1X1X32 , 1X3X32 , 1X5X32 , 1x7x32 1x9x32 

64'*"646464 + 64 + 
1X11X32 1X13X32 1X15X3 2 1X17X32 1X19X32 



64 



64 



64 



64 



64 



, 1X21X32 , 1X23X32 . 1x25x32 , 1x27x32 , 
"^64*^ 64 "^64 "^64"^ 



1X29X32 1X31X32 



256X32 



= 128 tons. 



64 ^ 64 "- 64 

To this has to be added the strain due to the further moment 
created in ao by the rest of the load, which extends from e to 6. 
(2, 3) weighs 4 tons, and has its centre of gravity 33 feet distant 



from a, and 31 feet from h. The portion 



4X31 
64 



of its weight will 



be transmitted to a. This will cause an action at e and a reaction 



at a, each equal to 



4X31 
64 



; and the distance ae being 32 feet, the 



moment created will be = — -^ In the same way, (1, 2) 



64 
4X29X32 

64 
4X1X32 

~64— • 



; and so on, down to (12, 13), 



creates a strain at e = 

which causes a strain zz 

rru ^ II *u *-.• 4X31X32 , 4x29x32 . 

The sum of all these strams = — st"""" "« — sri i" 

64 d4 

4X27X 32 4X 25X32 4X23X32 . 4X21X32 4X19X32 

64 + 64 + 64 "^64 +64 

4X17X32 4X15X32 . 4X13x32 . 4x11X32 , 4X9X32 

" 64 



+ 



- + 



64 "^ 64 ^ 64 ^ 64 
4X7X32 4X5X32 4X3X32 4x1X 32 4x256x38 
+ 64 + 64 + 64 + 64"" 64 
:s512tQn8^ and this Is the strain at e due to the load from e to 5. 
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Th6 total ainin at e is tlierefore=128+612 = 640 tons, which 
ii tiie nine result as was anived at hy the method of oontinued 
additions at the point 3, which is the same as c. To find the 
strain at anjr other point hy the ordinary method, a similar pro- 
cess would have to oe gone through again, as the work done in 
finding the strain at 3, for instance, is of no assistance towards 
finding the strain at 2. And three or four such trials would 
b^ necessary to find the point of greatest strain. 

By the method of continued additions, on the contrary, one 
process determines both the greatest strain and the strains at 
all other points. In effect, when we know the point (M) of 
Oreatest Moments, we may consider the load as dividing itself 
at that point into two parts; of which one (aM) derives its sup- 
port entirely from the abutment a, and the other (Mb) entirely 
uom the abutment 6. The conclusions to which this assumption 
leads us are equally true whether the structure carrying the load 
is an arch, a chain, a girder, or a combination of these forms. The 
moments of the load, which are the same as the units of strain 
on a girder, are capable of being determined by two simple 
processes of continued addition, easily checked, which give at 
once the greatest moment and all lesser moments; without 
having recourse either to multiplication by fractions or to the 
successive finding of centres of gravity for the different parts of 
the load. This method may be generalised by the use of algebra, 
so as to lead to some useful deductions. 

Beverting to page 62 and Fifl;. 9, let I be taken to denote the 
variable loi3, measured from the point of Greatest Moments ^8} 
to any assigned point between 8 and a; and let or stand for the 
correspondinghorizontal distance measured from 8, as au origin, 
towards a. Then A4p will denote d, and Ig, Ij, &c. will be the 
various values of A^. 

The moment of h=ryx(h+^le+^+^n)=^^(i^5+le-^h+^^* 
Of this expression the first factor is=AJ7, and the second factor 
equals the amount of load from the origin to a point half-way 
between 4 and 5 (or to the centre of gravity of l^. The equa- 
tion may therefore be thus expressed: — ^moment of A/ = /XA^, 
an equation which applies equally to all the other moments, as 
will be evident on looking at the expressions previously given for 
them. 

Now the collective moment of any number of consecutive sec- 
tions, Mi^lj^i^ia the sum of their respective memento. Therefore, 
if m denote the moment of the variable load /, m will be the sum 
of the memento of /g, 2^ , &c. up to d? : so that Am = moment of A/. 
Consequently, Am=:/XAr. If the number of poiute of subdivi- 
sion be increased without limit, so that d (that is Asr) is dirai- 
nished without limit, this equation will assume the following 
form: dmz=:l,dr; whence it resulto that m :=zj*ldx. This is 
the algebraic expression for the moment of a given load at any 

dm 
assigned point It also follows that — = Z, that is to say, 

that the differential coefficient of the moment with respect to x 
is equfli at any point to the load from the origin (or point of 
greatest memento) to that point. Differentiating again, we find 

that "T^ ~ T ; or, the second differential coefficient of the 
dM' dx 

moment at any point is equal to the rait of loading, 

BOS in ¥Hg. 11 is a curve of which the vertical ordinates 

represent the memento of the load carried by the beam ac6, 

Plotted to an arbitrary vertical scale of weighto and memento. 
*hus, the moment of (0, 8) is proportional to the corresponding 
ordinate TV, measured from the curve to POQ, the horizontal 
line passing through ito apex: the supplementary moment of 
(8, 19) is proportional to the distonce YU between the curve and 
the horizontal line passing through ite extremity R The first 
of these memento is that which we have denoted by m in the 
preceding algebraic formulae: the latter moment is that which 
determines the strain on the girder, and answers to the numbers 
on the line S in the two tables previously given. 
Since the ordinates of the curve of memento BOS are propor- 

tional to m, and since — = 2, it follows, that if the tongent Y W 

be drawn to the curve at Y, the tongent of the angle (YWU) 
which YW makes with the horizontal line is proportional to the 
load from to 8, or to what may be termed tne superincumbent 
load on the point 8. 
To put this more plainly. From W, the extremity of the 



tangent line YW, measure off WX, equal to 10 &et by the hori- 

'zontal scale, and through X draw an ordinate meeting th^ 

tangent line in Y. This ordinate XT will therefore be equal to 

the tancent of the angle YWU for the radius 10. Apply the 

length XY to the arbitrary vertical scale of tons by wnich the 

curve of memento has been plotted, and the reading will be 

found to be 170 tons, t. 0., ten times the amount of load from 

to 8. The apex or crown of the curve of memento will oif 

course be at 0, in the same vertical line with M, where the 

elementary memento vanish. Here the tangent will be horizontal, 

there being no superincumbent load at 0. When the rate of 

d^n 
loading is uniform, ■ ^ will be a constant^ and the curve of 

memento will therefore be a parabola. 



COLOUR AS APPLIED TO ARCHITECTURE.* 
By Stdnet Smirkb, RA. 

Iv a former lecture I addressed to you some observations on 
the application of colour to the purposes of inter^ decoration. 
I propose now to pursue the subject of colour as applied to 
architecture^ confining, however, my views on the present occa- 
sion to ito use on the exterior of buildings. 

it is very obvious that there is, in many respecto, so wide a differ- 
ence between the requiremento and capabilities of external and in- 
ternal decorative architecture, that very different rules must guide 
us, and very different circumstances have to be taken into con- 
sideration. Within the four walls of a room we can generally 
command our colours; we need introduce no inconvenient or 
discordant combinations; and although there may be, and un- 
doubtedly are, various difficulties to contend with, it may be said 
that they are not insurmountoble, inasmuch as the room is at 
our own command; and if we introduce discords, or otherwise 
unpleasing effecto, it is generally speaking our own fault. But it 
is not so in^he case of exterior architecture, — ^there the difficulties 
are real: we have to design the colourinff of our building with re- 
iference to circumstances over which we have no control whatever. 
Our building may be required to be placed in juxtoposition with 
other buildings, or objecto already existing, which we mav not 
disturb; or it may be surrounded by natural objects, to which our 
building must per fciroe, to some extent, be in subjection, or at 
least on terms of amityand co-operation. Moreover, colour is 
closely allied to light. Within a i*oom the light is strictly under 
our conti'ol; we can subdue it to any extent; we can render ito 
influence as partial as we may think proper, and cause it to 
enter the room in whatever direction it may be expedient that 
it should enter. Quite otherwise it is out of doors. The exte- 
rior of our building is exposed to the searching light of day, and 
the sun's rays wiU come in whatever wav, and with whatever 
intensity they please, upon the surface of our work. Hence, 
therefore, it is that we find ourselves compelled to be guided by 
very different principles in the two cases. It was on this ac- 
count that the observations which I had the honour to make to 
you two years ago were expressly, and almost exclusively, con- 
fined to the application of colour to the interior of buildings. 

I have said that colour is nearly allied to lieht: hence bright 
colours seem to harmonise especially with a bright light, and 
brilliant colours have ever been regarded as con^nial to bril- 
liant climatea This remark is no doubt trite; it must have 
occurred to almost every observant person that most of the pro- 
ductions of nature in those climates where the sun is powerful, 
are distinguished by more intense colouring than elsewhere. In 
an ornithological collection we are almost always able to pro- 
nounce with some precision whether a bird is a native or an 
arctic, temperate, or intertropical dimate, by applying to it the 
test a^orded by the relative brilliancy of ito plumage; and the 
same would seem to apply to the furs of other animals. We see 
how colour graduates, from the intense markings on the tiger^s 
back, to the dingy, or even colourless, coverings of the animals 
living in polar regions. No doubt there ai-e exceptions, but 
the general prevalence of this apparently fundamental law can- 
not escape our observation, or be attributoble to mere caprice or 
accident I would not dwell upon this law of nature did it not 
appear to mo to be well calculated to throw light on the special 
subject of my present observations. 

• Lecture dettrered «t tlie Soyal AoMteoy. 
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In the regions of the East men's eyes are early edaoated t6 
the appreciation of colour, by having natnral colours constantly 
before them; whilst amid the grey mists of the North we may, 
it is true, learn to appreciate colour, but the education must be 
artificial; and hence perhaps it is, that when we do indulge in 
colour, we are apt to run into some preternatural, and even 
painful excesses; and, prompted rather by fashion than by instinc- 
tive or natural feeling, our &ncy becomes capricio:us and ill* 
regulated, rushing from whitewash to polychromatic ebriety. 
This is not as it should be. If we are not by nature endowed 
with a delicate perception of the niceties of colour, we should at 
least learu to understand the principles which regulate it; for 
colour, like a sharp weapon, needs to be used with that caution 
and dexterity which knowledge and experience alone can give. 

But I am, perhaps, prematurely entering into my subject, 
before urging on your attention those principles which, I think, 
should regulate us in our attempts to avail ourselves of those 
beauties which our art can certainly derive from a judicious and 
well understood use of colours. Before, T say, we descend into a 
detailed consideration of those principles, we should, I think, 
look back cursorily over the works of our predecessors; review 
the progress of the art of applving colour as a means of exte- 
rior architectural decoration, and take a glance at the experience 
and practice of other times and climates. 

In Egypt, the cradle of art, it is beyond dispute that brilliant 
colouriug pervaded their architecture. Egyptian artists used 
profusely a few positive colours, for they had not learnt to derive 
|)leasnre from those niceties which more advanced art delighted 
in. The uneducated eye, like the eye of a child, is sure to be 
captivated by brilliant colouring. Hence we might fairly ex- 
pect, d priori, that such would be the character of the colouring 
ado])ted among those earlier pioneers of art who peopled the 
Eiist. I do not think that it will be a profitable or an appro- 
y)ririte topic of inquiry here, to investigate the principles which 
guideil the Egyptian and Assyrian builders, if, indeed, principles 
they really had to guide, them. It seems probable that motives 
of taste regulated their choice of colours less than certain con- 
sidemtions of a religious character, and these involvl archfeolo- 
gicai iuquiries which are quite foreign to our business here. 

When, however, we advance to the period of Greek art, we 
are bound to believe that art (although no doubt still influenced 
by the traditions of their predecessors in civilisation,) was al- 
lowed more freedom, and that the Greek artist sought to gratify 
the natural good taste of his countrymen, liberated from mere 
conventional forms, and disregarding prescribed dogmas in the 
adoption of colour. Unfortunately, time has spared us so few 
indications of original colour actually existing, that modern 
artists and art-writers have been tempted by the paucity of 
ascertained facts to indulge in theories of colour not based on 
any sound authority, and the somewhat vague and accidental 
exprcHsions of ancient authors have been called in aid to supply 
the place of the more exact and satisfactory information to be 
derived from actual observation. 

Without embarrassing ourselves with the veiy discordant 
views of the different archaeologists who have written on this 
subject — and the subject of ancient polychromy has indeed been 
most fruitful of controversv — I will content myself with simply 
stating the convictions wSiich I have myself arrived at My 
own belief is, that the external architecture of the Greeks was 
enlivened by a considerable amount of strong colour in the de- 
tails, and that even the broad surfaces were occasionally, per- 
haps often, stained with fainter tints. That the details were so 
enlivened we have the undeniable evidence of surviving frag- 
ments; and we need go no further than our own national Museum 
for such evidence. In the Xanthian examples, the late Sir Charles 
Fellowcs has satisfied us that the tombs of early Greek work- 
manship were profusely painted. Colour was traceable when 
those remains were first explored, although the climate of this 
country has perhaps effiicea in most oases the indications of it. 
Nor cr.n it be with truth in all cases asserted that the colours 
observed might have been the daubing of later and degenerate 
days; for an example occurs in the British Museum where the 
sotfit panelling has had its enrichments marked in preparatorv 
outline, to be filled in at a future time with colouring, of whicn 
some accident seems to have occurred to prevent the completion. 

That the general surfivces were stained occasionally, perhaps 
often, we may infer from certain expressions that have been 
detected in ancient writers, and from the fact that many of the 
ID' '-^^tio, and some even of the purest examples dt Greek 



ardiiteetnre, were executed in a coarse limestxme, coated over 
with a thin covering of stucco, the crude whitenesa of whicE 
would not have been tolerable, and which, therefore, we may 
very reasonably and safely assume to have been subdued by at 
least a certain amount of colour. But it by no means neces- 
sarily follows that, because colour was in such cases always 
resorted to, it was therefore habitually applied to all architec- 
ture, and that the beautiful crystalline Parian marbles, so highly 
prized by the Greeks themselves for theur purity and trans- 
parency, were thus habitually discoloured. Although we know 
well that early Greek art was greatly influenced by Egyptian 
and Assyrian practices, leading to what we may now regard as 
an excessive use of colour, I can with difficulty bring myself to 
believe that the fine aesthetic sensibility of the Greeks comd ever 
have been reconciled, by any amount of respect for their prede- 
cessors in art, to the destruction of the pure translucency, and to 
the ubliteration of the delicate natural tints of their marbles^ by 
painting over the columns and broad surfaces of their buildings 
with strong opaque reds or blues, as some would wish us to 
believe. Upon the whole, I should say that the wide diversity 
of opinion among the writers who have discussed the difficult 
subject of Greek polychromy, is somewhat disheartening to those 
who are simply in search of the truth; but perhaps encouisffing 
to those who, whilst reverencing Greek artists, are shocked at 
the rank colouring attributed to them, and would fain disbelieve 
that such outrages were ever committed, and hope that they 
were in their best days more temperate in the use of colour than 
some of the able advocates of glyptochromatism* are wont to 
represent them to have been. 

So destructible and evanescent as all artificial and superficial 
colouring is, it is not to be wondered at that we are as much at a 
loss for surviving Roman examples of exterior colouring as we 
are of Greek; but we may very safely assume that the love of 
oniament and splendour, which especially distinguished Roman 
imperial art, is more likely to have led to an increased than to 
a diminished resoi*t to colour on the exterior of their buildings. 

It was at this period that the use of marbles of various natural 
colours dispensed with artificial pigments. Even as early as the 
date of the Greek remains at Halicarnassus there is strong evi<r 
deuce that the natural diversities of colour in the material were 
resorted to as a means of giving variety to exterior architecture. 
That such was the case mav be inferred from the fact, that the 
blocks of marble recently obtained in great abundance by Mr. 
Newton, from the ruins of Halicarnassus, differ considerably in 
colour; some are as pure and as white as the Parian itself, other 
blocks are of a dark slate colour, and there are various in- 
termediate hues. How these variously-coloured marbles were 
arranged with reference to each other it may now be very diffi- 
cult to ascertain, but the effect that would unavoidably result 
from using them indiscriminately would be so bad, that it is not 
to be supposed that any Greek artists could have so employed 
them; and we are thus inevitablv led to the conclusion that the 
arrangement of these light and dark coloured marbles was pro- 
bably made in conformity with some principle or method adapted 
to impart variety of effect to the architecture. 

At Rome, so great became the passion for coloured marbles, 
that Ovid says, " Decrescnnt effosso marmore montes;" and arti- 
ficial processes therefore for staining marbles were adopted for 
the sake of giving them a more ornamental character, processes 
which lapidaries of the present day are known to practise. In- 
deed, the use of coloured marbles became so universal, that Pliny 
seems to hint that the known available sources of ornamental 
marble were becoming exhausted; and to this he attributes the 
invention of marbling, although it seems more likelv that this 
fictitious splendour was one of the significant signs of the decay 
of taste in the empire. It was at this period also that the prac- 
tice of veneering stone and brick with thin laminsD of marble 
took its rise. In the portico of Octavia, in Rome, I observed 
the exterior face of the brickwork lined with slabs of marble, 
scarcely two inches thick; but at the great theatre in Taormina, 
iu Sicily, I found marble veneering executed with really won- 
derful dexterity, the thickness being scarcely more than that of 
ordinal^ card. The dexterity, indeed, which this veneering re- 
quired m its execution affords strong ground of presumption that 
the practice was common. 

* I have been repiinuwded cince the deliTeiy of the lectare, by a rerr dUtingniabed 
ari-«cbolar, for coiainur ^(b word. I may perhaps bave been misled by BaTarian 
antbority inlo naing ihia term, for vbicb (in deferens 
a>aA^wr«g(pMa», or " atatne-ootourlBig.''— S. 8. 
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In what way and to wbat extent the architecture of the later 
Boman empire waa affected by the contemporary style of design 
preraleut in the East, is a question of undoubted interest, bnt it 
k one upon which those who have treated on the subject seem 
to entertain by no means clear views, a difficulty arising perhaps 
in a great measure from the uncertainty that hangs over the 
dates of early Eastern buildings. Bnt it would hardly be ger- 
mane to the subject of these lectures to enter into inquiries so 
exdnsively historical. It may suffice to say that, either through 
the fusion of the decaying Classic style with some other style 
that may have pre-existed, owing its origin to Oriental artists, 
or through the direct changes effected in the Roman manner, 
when the task of building fell into the hands of the predomi- 
nant races of the East, even without assuming the influence of any 
pre-existing style, certain it is, that a very readily distinguish- 
able change took place: and one of the most marked character- 
istics of that change was the extended application of colour to 
architecture. Tho use of mosiac work is especially a marked fea- 
ture in this new phase of art. Although this work waa the inven- 
tion of an earlier age, and was very largely used by the Roman 
architects in pavements, I am .not aware of any evidence of the 
application of this species of work being applied as a mural 
decoration in any bunding of positively Classic date, and I pre- 
sume that this latter use of it may be confidently regarded aa 
originating in the Byzantine school. The practice of inlaying 
and panelling marbles as an incrustation on the surface of walls is 
also another very prevalent mode of ornamentation marking the 
the period; much resorted to, no doubt, by the Romans even in the 
best periods of the empire, but received in the Byzantine school 
tnth particular favour, from the focilities it afforded of coloured 
enrichment, in which that school, as we have seen, so greatly 
excelled. 

I need not remind you that Byzantium, during the least culti- 
vated periods of European history, was the sole asylum of the 
arts, and it was thence that the earliest rays of a revival dawned 
on Western Europe. Italy, Sicily, and Spain, were the first 
countries to catch these rays. Hence it ia that we there find the 
earliest developments of this new feature of architectural oma- 
inent. The new buildings of Venice and Pisa became resplen- 
dent with coloured marbles, both internally and externally 
applied. Then, too, arose that parti-coloured system of decora- 
tion which, in our ceaseless aspirations after some new beauty, has 
of late fSund some favour in out eyes. The Duomo at Venice ia 
a very early and remarkable adaptation of coloured materials to 
external architecture. The shafts of the small pillars are of 
various coloured marbles, whilst incrustation of porphyry and 
other precious materials 'of like nature enrich the surface of 
many parts of the building. Florence affords many notable 
examples; and in Giotto's celebrated campanile the practice of 
panelling and otherwise intermixing variously-coloured stones was 
extensively adopted, and treated with admirable taste and skill. 
Indeed, throughout this period of Mediaeval architecture in Italy 
the practice prevailed of building in courses of coloured masoniy, 
and it became, in truth, a characteristic feature in the buildings 
of that age in Italy. Doubtless, these alternating courses of 
coloured stones came to Italy from the East, for they have there 
been a passion, originating perhaps in the deep-seated love of colour 
which marks Oriental taste. There is no denying the extremely 
pleasing effect of many of the Mohammedan buildings so orna- 
mented, and it affords a striking instance of the simple means by 
which beauty may be attained. Whether the motive was purely 
Aesthetic, or whether the occasional course of coloured stonework 
had their origin to any extent in some constructive requirements, 
we have, perhaps, now no means of determining. The latter 
supposition seems not altogether improbable, at least in Italy. 
The green marble from Polcevera, in the north of Italy, is an 
extremely hard substance, and the occasional introduction of 
courses of it, properly cramped together, would no doubt form a 
Qseful tie, and contribute much to the stability of a wall. It is 
however to be remarked, that even in Italy this mode of con- 
stmction was only of local prevalence. It is far more frequent 
in the north and middle of that peninsula than in the south. 
Instances in other parts of Europe are comparatively more rare; 
and as far as my knowledge extends, very few mstances of 
regularly banded or striped masonry, where different coloured 
stones are used in alternating courses, occur in our own country. 

The nearest approach to extemsd polychromy in Enghuid, ia 
perhaps the intermixture of ashlared stone and nanare flints, 
which occarB ao frequently in the eodesiaatlGal atdiiteetiire of 



the eastern counties, and by which a pleasing variety of tone, if 
not of colour, is often produced. There is no reason to believe 
that external colouring, whether by the use of naturally coloured 
materials or by supe^cial painting, was ever extensively prac* 
tised in this country during the ^t periods of Mediesval art 
Perhaps the most usual application of the practice was in the 
shafts of columns; a blank spandril or gable was occasionally 
relieved by a coloured panel, bnt this occurs rarely, sculpture 
being ever considered as the readiest resource whenever a blank 
space is to be lightened or an enhancement of the effect is 
desired. But probably in no country on the Continent has the 
mode of producing a nch effect of colour by the use of bricks and 
stone intermixed been better understood, or more effectively 
carried out, than in England during the Tudor period. In the 
wide alluvial tracts of Germany, where the use of bricks was earlier 
introduced than in England, quite as widely disseminated, and 
as generally practised, I have not myself seen, nor have I been 
able to ascertain that others have met with, that regular and sys- 
tematic use of the interlaced courses of dark bricks on a red 
brick ground with which we in England are so familiar, and 
which so admirably attains the object of relieving a plain sur- 
face of wall without labour or effort, at the same time lowering 
and qualifying the general tone of colour in a highly picturesque 
manner. 

It is not unworthy of note that at a period when in England 
we were thus struggling to relieve the monotony of red bricks, 
our more advanced and ingenious contemporaries in Italy were 
stuccoing the surfaces of their palaces to receive fresco paintinss, 
and often employing the very highest available art upon Uie 
plain surfaces so obtained. Vasari relates many instances of 
this employment of the painter's art; and it seems highly illus- 
trative of the universal prevalence of a taste for painting in 
that country when we find men like Perino del Vaga, Garofolo, 
Gherardi, Bramaute, and very many others I might name, zea- 
lously engaged in painting historical subjects on a colossal scale 
upon the exterior surfaces of ordinary street architecture. They 
could not but have been perfectly conscious of the perishable 
nature of their workmanship, but it was enough for them that 
the all-prevailing admiration for art was gratified, whilst they 
found a wide scope for the exercise of their fertile invention and 
for the display of their admirable powers. 

You are no doubt well aware of the great efforts that have for 
some time past been made in Germany to revive this mode of 
exterior decoration. The whole facade of the newly erected 
picture gallery at Munich is converted into one vast historical 
picture; the figures are so colossal that in order to appreciate 
them one needs to retire to the remotest distance that the sur- 
rounding buildings will admit ofl That veracious geographer, 
Leno Gulliver telk us of a book he met with in his travels so 
large that he had to erect a scaffold in front of it to read its 
pages. So in this truly great work at Munich, we have to take a 
considerable walk in order to examine the opposite limits of the 
picture. 

But without reference to such extreme cases, I leave it for those 
who practise the sister art to determine how far historical paint- 
ing is rightly applied as a mural decoration in the open air. I am 
disposed to think that the practice will not spread very widely. It 
seems to me calculated to lead to the degradation of art, for what 
artist is there — at least in these degenerate days, and in the in- 
clement atmosphere of Northern Europe — who would not feel the 
warmth of his genius chilled by the reflection that his works could 
expect only an ephemeral celebrity. Exposed to the vicissitudes 
of climate, such work could hardly live to be fully appreciated 
before it must perish. Such certainly has been the fate of nearly 
all, if not of all, the external frescoes of the great masters of 
the fifteenth and sixteenth centuries. But so great was the 
wealth of genius in the palmy days of Italian art, that painters 
were willing to waste their brightest thoughts, and bestow the 
exquisite products of their art, on the mere pageants of a day. 

But somewhat before the bright period I have referred to, the 
love of coloured architecture in Italy had found another and more 
legitimate development. In the fifteenth century was introduced, 
originally derived no doubt from the East, a new manufacture, 
by which a far greater permanency could be imparted to colours. 
In the alluvial plains of Italy arose a passion for glazed terra- 
cotta work, and in this instance also the most gifted artists did 
not disdain to impart the Promethean touch of their genius to 
these fictile productions. Passero, a learned historian of this art, 
giTSS 1393 as the date of its introdootion, and the eminent 
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names of Delia Bobbi^ and even Baffaelle, are identified with 
its cultivation. Though limited at first to small fictile works, 
such as tazz®, ewers, and the like, it was not long before artists 
found that the art was applicable to the nobler purposes of archi- 
tecture. Friezes, panels, and many of the minor features of 
architectural composition, were thus enriched by colours of the 
most durable nature. There are, in fact, few substances less 
perishable and less liable to injury from chemical and atmo- 
spheric action than the vitreous glaze on this terra-cotta work. 
There are many interesting specimens of glazed Fayence ware of 
a green colour among the Assyrian remains in the British Mu- 
seum. Those from tlie north-west palace at Nimrud, and fVom 
Konyunjik, date, according to the trustworthy authority of Mr. 
Birch, as far back as the year 750 B.a There are also many 
examples of glazed ware from Babylonia: especially I would name 
the glazed coffins from Warku; these Mr. Birch is inclined to 
assign to the days of Nebuchadnezzar. Tou will find none of 
these specimens materially affected, except by external violence. 

The Italian artists of the Quatro-cento period highly appreciated 
this material, and used it in their buildings with admirable effect, . 
as at Alberti's Church, at Himini, and elsewhere. Its application 
however declined in the sixteenth century; a fact perhaps mainly 
attributable to the more general and closer adherence to Classical 
forms, which did not lend themselves so readily to terra-cotta as 
to stone. Much also may be ascribed to the introduction at that 
period of external stucco-work. 

Coloured terra-cotta never attained to much favour in this 
country. We see some few examples of glazed earthenware in 
heraldic shields and other details on the exterior of Wolse/s 
portion of Hampton Court Palace, and a few other scattered 
examples may be met with; but it would appear that the gloomi- 
ness of our Euglish climate, and the noxious influence of our 
smoke, are not favourable to the cultivation of taste for external 
coloured decorations, and cause timidity in its application. I 
would by no means advocate an extravagant use of this 
vitreous manufacture: such excess would be as little in keeping 
with the grave and sober character of the English on the sub- 
ject of art, as it would be unsuitable to our climate; yet glazed 
and coloured terra-cotta work deserves the attention of every 
English architect Its remarkable permanence is a most valuable 
quality, and its capability of resisting the disfiguring effects of soot 
seems strongly to recommend it to uivour in our larger towns. 

Beverting now to the brilliant Quatro-cento period of Italy, 
from whence I had deviated in order to sketch the progress of 
terra-cotta as a building mateiial, I should remind you that it 
was not only in the use of this artificial material that the love 
of colour in architecture showed itself in Italy. The use in the 
time of Giotto, and still earlier, of coloured marbles in the en- 
richments of external architecture, to which I have already ad- 
verte<l, seems to have revived in the fifteenth century, and espe- 
cially in the north of Italy. In Venice we find few buildings of 
that period which are not characterised by a profusion of coloured 
marble panels, friezes, medallions, and the like. Neglect and ex- 
posure have contribute seriously to efface these beautiful decora- 
tions, but enough remains to enable ns to form some conception 
of the gorgeous effect of the Canal Grande and of the Piazza 
di St. Marco in the fifteenth century, adorned as they were 
by the fresh glow of colours in the stately structures then newly 
erected, as well as by the more subdued embellishments of the 
rich marbles, mosaics, and tessellations of the earlier buildings 
of that city. When we recall to our imagination those gorgeous 
buildings, enlivened as they were by the rich costumes which 
figure in the paintings of Giorgione and Veronese, the brocaded 
hangings, the gay standards, and gilded metal-work which must 
have then everywhere met the eye, — I believe that we shall all 
admit, without a doubt, that no city in the world, at any period 
of its history, ever offered such a sumptuous feast of colour as 
Venice in those her palmiest days. 

No doubt many of these marble insertions were the spoils of 
war in the East; for specimens of the deep red granite and 
other precious materials may be found among them, which are 
not known to occur in any European localitv; so that^ as in 
ancient Bome, the pride of conquest mixed with the esthetic pre- 
dilections of Venetian artists, conduced to promote the use of 
colour in their architecture. These panellings, however, gradu- 
ally fell into disuse in the progress of art. More strictly 
architectual forms came to prevau, and columnar architeetura 
becoming almost universal, the opportunities for the use of 
coloured marbles became neceaaarily restricted to the Iriezea of 



entablatures and shafts of columns; even this sooq ceased to bo 
common in exterior works. 

It cannot be denied that there is in the nature of most 
coloured marbles an inherent defect, which may have largely 
contributed to bring it into disuse in situations exposed to the 
externa) atmosphere. The colours of most marbles depend for 
their depth of tone and richness of effect on their polish; and 
that polish is sure, sooner or later, to be destroyed by expoearo 
to damp air. This is not the case with respect to granite, of 
which silex forms so large a component part^ nor perhaps to aer- 
pontine; but the polished surface of probably no hmestone, how* 
ever compact and however crystallised, will long resist the 
effects of exposure. 

I have now, in a slight, hasty , and somewhat disjointed man- 
ner, sketched the history of the use of coloured materiids in 
exterior architecture. It remains for me now to consider the 
principles which I think should guide us in their use. This 
consideration is an important one at the present day, for a 
fashion — I mi^ht almost say a passion — is growing up among ns 
for indulging m this kind of embellishment. 

Of all novelties, especially in matters that come within the 
dominion of taste, the tendency is to degenerate into extrava- 
gance and excess. A speculative chemist or an inventive mann- 
fiicturer has no sooner aevised some new modification of colour, 
than the world of fashion becomes steeped in the fiivourite dye,, 
till our eves are tired of the novelty. The leaders of ton in ih% 
fourteenth centurv bethought them to prolong the toes of their 
shoes to an inorcfinate length: the servile crowd of imitators 
followed: the passion grew with the growth of this superfluous 
appendage, till we find that by the middle of that century the 
toes of any well-dressed gentleman were tied up to his waist- 
band. Again, some unsightly excrescence is supposed to have 
suggested to the coiffeur of Louis XIV. a structure of artificial 
locks, and not many vears had claimed after its adoption before 
the heads and shoulders of ail Christendom were oppressed by 
the superabundant load of adscititious hair. 

It seems an instinct of the human mind when a new enjoy- 
ment or fresh object of admiration is found, to exceed the limits 
of moderation in the indulgence of it. Whitewashing was 
once a passion, especially among churchwardens: and the rigid 
saints and painted purgatories with which it had pleased our 
ancestors before the Beformation to cover their walls, for the 
moral improvement of a staring but unrcading generation, all 
became obliterated by the cleri^ wash of lime-white; and the 
facility with which that dazzling production could be yearly 
renewed, and the economical cleanliness which it introduced, 
seemed to favour its perpetuation; but whitewash had its long 
day, and lost its hold on the public favour: and there is every 
prospect that we are now about to enter upon the reign of 
intense polychromatism. 

It benoves us, therefore, to be very careful that this new- 
fledged zeal shall be kept, more especially in the exteiior of our 
buildings within a just and reasonable i*estraint Let us not lose 
sight of the principles that should guide us, and let us be 
guarded in the application of those principles: remembering well 
how often the worst of all things is the corruption of the best, and 
that the idol of yesterday is the laughing-stock of to-day. I 
will not say with the ancients, that nothing is permanent but 
mediocrity, but I am convinced that the moat lasting praise is 
reserved for those only, whether architects or artists generally, 
who will not risk their reputation by extravagant flights of 
fancy, either in design, composition, or decoration. 
{To be concluded in our nMt.) 



THE PBESERVATION OF STONE. 

Since the article was written upon the preservation of stone 
which appeared in our number for February, several evenings 
have been devoted by the Hoyal Institute of British Architects to 
a discussion on this important subject, in which discussion some 
of our most eminent architects and chemists took part, and a 
digest of which will be found in another part of this month's 
number. We find the opinions we have already advanced mainly 
corroborated and proved by the experiences of those who assisted 
at this discussion, not one of whom (although they might enter-, 
tain an opinion more in favour of one process than another) 
would recommend, on their own responsibility, any particular ono 
for adoptioBjt with the least hope of its proving permanently soor 
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^Msfbl. The proceflses at present known as preservative pro- 
cesses are to be divided into three classes; each of these had tneir 
lewpsentative at the discussion. 

The first, the Bituminous, may be said to have received its 
co^qHie-tite from all, more or less, on account of its colour. We 
ame with the verdict, though we differ in the judge's charge to 
the juiy, since bituminous mattera have learned to put oif their 
nniversal mourning under some important circumstances. 

The second, the Oleaginous, may equally be said to have re- 
ceived its eoup-de-grace; and from the met having been fully 
proved that all such substances fall victims to the decomposing 
effect of oxidation by the atmospheric air, materially increased 
by sun and rain, we trust no one will attempt its resuscitation. 

There then remains the Siliceous, under which head, differing 
from Mr. Tite, we must class both M. Szerelme/s and Mr. Ban- 
some's, with a few words of explanation for so doing. Pene- 
trating the halo of romance enveloping M. Szerelmey*s secret^ 
we learn sufficient for our purpose to know that the specification 
read by3ir. Tite, which caused (from the details of its extraor- 
dinary and sanguinary composition) so much merriment amongst 
the audience, is by no means the exponent of the system used 
on the Houses of Parliament, which system is as follows (leaving 
the seoret of the materials, so far as the inventor's choice of them, 
in his own hands): — A soluble silicate is first applied to the 
stone to be preserved; this is followed by a coating of calcareous 
matter, bound by some animal glue or size. This second coating 
it is intended shall, in process of time, form a hard and insoluble 
ooatin|; by combining with the first on the stone; but in order 
to fix It there for the oeriod necessary to this change, it must 
have a protective medium of an oleaginous or bituminous cha- 
racter. The outcry acainst all substances of the first-named 
class evidently induced M. Szerelmey to make a change, and 
thus the difference between his first and later specimens to 
be seen at the Houses of Parliament, and which are so un- 
successful. The first specimens retaine<l a considerable amount 
of hardness until the protective coating of oily matter became 
oxidized, when not only the protector, but that which was to have 
beea protected, became easily removable in clouds of dust. The 
later specimens are and have been more or less soluble from 
the first, as may be proved by attrition witli the aid of water, 
and therefore are still more unstable than those preceding them. 
Still, failure as it has pi-oved, we agree entirely with Prof. Hof- 
mann that there is more truth in this theory than the silicate of 
lime process of Mr. Ransome. That eminent chemist remarks, 
that if Mr. Ransome deposits a silicate of lime in the pores of 
the stone, or upon the stone, it has no affinity for, or power of 
combining with the silicate of lime or magnesia of which the 
stone consists, but is indeed an inert mass, filling up the outer 
interstices of the stone with a powdery substance, easily removed 
by time or attrition. Much has been said about the crystal- 
lising properties of the precipitate formed by the calcium and 
silicate; but we would suggest that the precipitate is not crys- 
talline itself, and would never become such, from the fact of its 
consisting largely of free lime very loosely held, indeed forming 
to a great extent a mere agglomeration of substances with little 
or no chemical union. Let anyone doubting our assertion, and 
believing this precipitate to be a chemical union of silica and 
lime, treat the precipitate with acetic acid, dissolving out the 
lime in the form of acetate of lime, the presence of which lime 
in lazge bulk in the solution may be detected by a drop or two 
of sulphuric acid throwing down a bulky precipitate of the 
sulphate of lime, better known as gypsum. 

Thus then, after all that has been said about this silicate of 
lime and its crystalline and crystallising properties, we find it to 
be in effect a loosely combined mechanical mixture of silica (or 
at the most a double silicate) and lime. This however does not 
account for the extraordinarily rapid decay exhibited by the 
specimens in the Houses of Parliament or the Institution of 
Civil Engineers at Westminster, which we think may arise from 
an acidity in the chloiide of calcium used. An impure chloride 
of calcium may be obtained at about 2d. per eallon, as made from 
a waste product consisting of the lime scrubbers that collect the 
chlorine evolved in the manufacture of soda, which lump of lime 
(or scrubbers) also collects a large amount of hydrochloric acid, 
the caustic properties of which are well known to be most disin- 
tegrating. The purer kinds of fused calcium, not to speak of the 
pure ohloride, are so much more expensive that there may be an 
induoemeut to avoid the extra cost The waste product haa 
however the great drawback we have named to set off against 



its extreme cheapness, which certainly promised well in a com- 
mercial point of view. Prof. Hofmann has made a most scientific 
and ingenious suggestion in proposing the use of silicic ether. 
We much fear the cost of this material will preclude its adoption 
on anything like a utilitarian scale; for we must not forget the 
thousands of edifices that are in the same need as our Houses of 
Legislature, and whose owners only await the result of this 
important precedent 

One fiict has however been unauestionably proved, viz., that 
no existing process is worthy of adoption. The next point 
for consideration is how far any of them may, from the experi- 
ence we have gained, and the extra consideration we nave 
been led to bestow upon the subject, influence our success in 
directing us in future research. To some extent the discussion 
has already shown a favourable inflaence; and the remarks we 
have made are not to be taken merely as condemnatory of systems 
fully proved abortive, but rather for the purpose of rendering 
them and the causes of fidlure better understood. 



THE PHOTOGRAPHIC SOCIETY'S EXHIBITION, 
PALL MALL EAST. 

Ant well-selected collection of photographs possesses intrinsic 
materials which must attract notice, but beyond this, in respect 
to the art itself, we have now arrived at a stage from which 
greater things can hardly at present be anticipated. Viewed in 
this light, the eighth exhibition of the Photographic Society is a 
good one, perhaps beyond the the mark of previous years, but 
yet presenting no very striking novelty or fresh development of 
science that we can detect. The most important pictui-e is (30) 
a view of the Coliseum at Rome, produced by coUoaion, the pho- 
tographer being P. Dovizielli, who also exhibits the " Aurora," 
af&r Guide (40j, and St. Peter's at Rome (52). There are some 
exquisite landscapes by Fenton, Lyte, Pumphrey, and others, 
including F. Bedford, whose architectural gems, as usual, bear 
the |>alm. His "Excavations at Wroxeter" (Uriconium), (41, 43) 
will be examined with great interest. Mr. Dixon Piper, whose 
excellent photographs of Suffolk buildings we have on former 
occasions referr^ to, contributes several of these to the present 
exhibition, as do Messrs. Bisson of Continental subjects. Mr. 
Baynham Jones has two views of Raglan Castle (32, 34) which 
may be examined in comparison with those by Mr. Bedfonl, Mr, 
Mudd, and Mr, Dunn. Capt. Verschoyle has a frame (137) con- 
taining nine interesting subjects, including Glastonbury, Wells, 
and Launceston Church. Messrs. Cnndnll and Dowues send 
some good architectural bits — such as (234), Bishop Fox's tomb, 
Winchester Cathedral; (248) the Hospital of St. Cross, near 
Winchester, and several others from the same neighbourhood. 
Several Indian structures, which have been well photographed 
by Capt H. Dixon, will be found on the first screen (399 — 410), 
while on the third screen will be observed some channiug land- 
scape groups from the Ched<lar Cliffs (475) by Bedford, and two 
from North Devon (481) by the same artist. There are in all 
upwards of 600 pictures. 



ON FELLAH ARAB ARCHITECTURE IN EGYPT* 

By Professor Donaldson. 

It will be remembei*ed that when Champollion and the other 
investigators of the hieroglyphic inscription on the famous 
Rosetta stone, had their inquiries so muterially aided by the 
Greek translation of the edict on that trilingual slab, they 
had still to find the elements of a language embodied in the 
hieroglyphic and demotic character, so as to afford a clue to the 
hidden meaning. With much ingenuity reference was made to 
the tongue of the people who had constantly inhabited the 
country, and among whom tradition might still have retained 
the like language. Success attendeil this reference to the Coptic, 
which was found to contain the key of the ancient Egyptian 



As I was travelling in Lower Egypt I was struck with the 
fact that almost all the villages are built on artificial mounds, 
rising from 20 feet to even 100 feet and more, above the 
general flat and level of the natural soil. These mounds 
abound in the neighbourhood of Alexandria and Cairo, and in 

* From a paper twA at the Boyal Iiutitate of British Architecto. 
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the valley of the Kile; and, in fAot, throoghont Lower Egypt; 
consisting of aocnninlations of the Nile mnd, mixed up with 
large quantities of fragments of pottery. If for any reason por- 
tions are cut through or removed, all sorts of antiquities, — as 
for instance, bronzes, terra-cottas, scarabei, and eren tombs with 
XDummies — are occasionally found, as also sarcophagi. At length 

1 found them to be the sites of ancient towns and villages of the 
remotest periods of known history, — accumulations of a succes- 
sion of generations, which had had their frail tenements built 
one over the other, thus raising the mass still higher. They 
were thus more and more above the influence of the annual 
risings of the Nile waters, and protected from ravages that 
were caused thereby; and the more healthy as they were higher 
above the occasional miasma arising from the vegetable de- 
composition, the natural result of the stagnation of the waters, 
until the Nile retired within the limits of its natural bed. 
Having to go to Ras-el-Wadi, in the valley of Groshen, I saw 
the grand and extensive mound of Bubastis, of high note in 
ancient times, and situate near Zagasik: it rose Irom the plain 
like the mounds of Nineveh, Nimrud, and other Assyrian cities 
described by Layard, and with which these Egyptian mounds 
have a remarkable analogy. I was detained for some hours on 
two occasions at Benha-el-Assal, on the Daraietta branch of the 
Nile, close to the mound of the ancient Athribis, where a friend 
of mine has found a great variety of antiquities. I was struck 
with the rude form of the mud-built huts and houses of the 
fellahs, or people of the country. The walls consbted of sun- 
dried bricks, of a dusky brown colour; the faces inclined back- 
wards, like the ancient Egyptian temples; flat terraces formed 
the roofs, on which the Arabs stow their fuel, and perform many 
of their domestic operations. The apertures for light or air are 
of rare occurrence, and small, seldom appear on the outside, and 
are more generally next the court, to insure privacy and shade. 
While I was detained at the railway station ot Benha I made it a 
point of thoroughly examining its adjoining village; and calling to 
mind the representations of domestic buildings which we have upon 
the hieroglyphics and frescoes of antique Egyptian monuments, 
and as given by Sir Oardner Wilkinson, ChampoUion, Hosellini, 
Lepsius, and in the work of *L'Egypte,' I recognised the analogy 
at once between ancient and modem usages, and found that the 
buildings, like the language of the people, are a tradition of 
bygone times of remote antiquity; and that the one explained 
the other, like the modern cottages of Lycia, which present 
the same features of timber construction as the tombs of Zan- 
thus, carved 2000 years ago. The bricks are nearly about the 
same size as ours: they are simply made of the Nile mud by 
l)oys, who perform all the operation, assisted by girls and other 
boys, who carry the material to the modellers, each of whom 
makes 900 per diem in winter, and 1200 in summer. They are 
placed with two courses of stretchers to one of headers. The 
wider openings have timber lintels of the date-wood. To pro- 
duce an ornamental appearance, they lay a line of bricks herring- 
bone fashion, so as to present a sharp edge on the face. At 
others, every alternate header recedes from the face 2 or 3 inches. 
They have tile-forraed bricks, about 12 inches long by some 

2 inches thick, to form pointed tops to small apertures, or i*anged 
in a row to eive a zigzag appearance. Vertical channels are some- 
times introduced, like those in the face of the ancient propylsea, 
for the banner-masts, and they are formed either by receding 
bricks one over the other, or by vertical bricks placed edge on 
one over the other. Over the doorway I observed that they 
always had a bit of crockery, as a plate, inserted into the face of 
the brickwork: one of those I saw was a plate or dish with the 
willow pattern on it. Frequently the doors are painted in bril- 
liant colours, especially ffreen, red, and yellow, with white, in 
patterns; and I should observe that at Cairo, every hadji who 
nad been to Medina or Mecca immediately had his doorway be- 
dizened with colour, to mark the important event. The general 
tone of the houses and villages is a dirty mud, now and then, yet 
very rarely, enlivened with a little whitewash on the strings and 
other features. But the mosques are always white. 

The streets of the villages are very narrow, varying from 
4 or 5 feet to 7 or 8 feet, except perhaps one or two streets for 
the bazaar, which may be 10 feet wide. This is for the purpose 
of shade, and keeping the streets cool — a necessary precaution in 
hot climates, and very prevalent in the East The huts are 
only one story high, and rise 7 or 8 feet Some houses have two 
stories, and a courtyard, with an outer staircase leading to the 
upper rooma. At tbe village of Sftcoany the treads or ateps of 



a house at which I slept oonsisted of blocks of Thorah stone, 
brought from the ruins of the adjoining tombs and^ jn^ramids, 
carv^ with hieroglyphic inscriptions on the upper face, and 
which were being gradually worn away. The floors and roofs 
are formed of rough lengths of the palm-tree wood, some 
12 inches apart, covered with reeds and a thick coating of 
mud, which cracks easily, and admits the rain whenever there 
is a storm; this, however, is of rare occurrence above Alexandria, 
though freouent enough in that town. 

The Arabs pay great attention to ventilation, and have aper« 
tures expressly for the purpose over the doors and windows, 
and under the ceilings in other parts, and occasionally just above 
the floor. These apertures they close with a mat stuffed in, 
which they remove whenever they wish to produce cii*culation of 
air in their cabins or rooms. Their sanitary precautions extend 
no further, for they have no drains, and all their dwellings are 
very dirty, and abound in fleas, not to mention other insects and 
vermin. 

As I passed along the Egyptian plains and valleys, and saw 
these mounds, one after the other, with flat-roofed buildings and 
of pyramidal shape, I could not but feel impressed with the con- 
viction that these modern constructions recall the features of the 
towns and villages of antiquity erected on the veiy site of olden 
cities, — ^inhabited by a like race, ruled by like laws of supreme 
power in their chiefs, following the like customs, but destitute of 
that civilisation and grandeur of conception in their priesthood 
and dynasties which once produced those wondrous fabrics which 
have employed the highest genius and most profound learning of 
modern times to investigate their ruins, and read the hidden 
mysteries of their records still preserved. 



CHUBCH OF ST. JOHN THE EVANGELIST, 

HOUSHAM, YORKSHIRE. 

{With an Engraving.) 

This church, of which we give an exterior view, has recently 
been completed. The arrangement of the plan is excellent and 
novel, and admits of great internal comfort in the nave, and of 
good architectural efiect externally. The plan comprises a chancel 
29 feet by 15 feet, with a round-ended apsidal sanctuary, having a 
vestry in its north-west side, the organ being placed under tne 
archway leading thereto. The nave is 41 feet by 21 feet, with a 
porch and turret at the west end, as shown in our illustration. A 
low stone screen separates the nave from the chancel. The altar 
is placed at the extreme east end of the apse. The pulpit, 
which is inlaid with various coloured marbles, is situated at the 
north-east end of the nave. The font is at the west end. The 
window tracery, of Oeometrical Middle Pointed design, is ex- 
cellent. 

The masonry is of white stone with red bands at intervals, 
and the internal face of the walls is finished precisely in the 
same manner as the outside, having also red bands. The roof is 
of the circular- cradle form. The floors are tiled throughout; 
and the seats in the nave are all movable. The chancel arch, 
which is continuous at the impost, is cinque-foliated. The apse 
windows are combined by a foliated arcade of ho«)d-mouldings, 
sustained on detached marble shafts. The reredos is compel 
of three circles, the centre one beiug filled by a cr(»ss; the side 
ones are foliated, and all are inlaid with marble; a rich band of 
foliage running around the upper parts of the circles, which are 
separated by small marble shafts. The sacrarium is boarded on 
the underside of the rafters, and is very richly painted. Some 
of the windows are filled with stained glass of excellent design, 
by Messrs. Clayton and Bell. The following are among the 
subjects: — 

In the chancel, — North-east window — 1. The Last Supper: 2. 
The Agony in the Garden. Centre window — 1. The Crucifixion; 

2. The Descent from the Cross. South east window — 1. The En- 
tombment; 2. The Resurrection. In the south window — ^The 
Six Acts of Mercy. 

In the western sexfoil — Our Lord surrounded by Angels. 
In a three-light window on south side of nave are the following 
— 'l.vNaaman washed in the Jordan; 2. The Baptism of Our Lor£ 

3. St ^ilip Baptizing the Eunndi. 

The church was erected at the sole expense of Mrs. Cholmely, 
of Hoosham Hall, from the designs ana under the superintend- 
«noe of Mr. Goorge Edmund Streeti architect^ London« 
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ON THE PRESENT CONDITION OP THE WATER 
SUPPLY OF LONDON* 
By GtOROB R BuRNELL, C.E^ F.G.S., F.aA. 
A FEW yean since public attention was called, in a very pn>- 
ninent manner, to the numerous questions connected with the 
quality and the mode of distribution of water in the metropolis, 
iMid a very expensive parliamentary contest was waced between 
the advocates of the existing companies on the one side, and the 
General Board of Health on the other, which for a time clothed 
the wholA subject with interest After the excitement of the con- 
test had passed away, the public interest seeme<l to have sub- 
ridadj and at the present day the London population is contented 
to eiyoy the advantages of the water supply it possesses, with- 
ont much inquiry into the means and agencies employed in 
Mcuring that blessing. Nevertheless the subject is one of suffi- 
cient importance to merit an occasional review; and as some very 
«ble persons connected with the administration of the laws af- 
feotiog the public health have felt called upon to make what 
may be considered to be accusations against the quality of the 
I^mdoii water supply, it has seemed to me desirable to bring 
•bout, if possible, an open discussion as to the merits and de- 
meriU of the present water supply, and as to the feasibility of 
tome of the schemes proposed to remedy its defects. In some 
cases the operations of the waterworks companies, subsequently 
to the passing of the act of 1852, have also raised questions of 
the highest interest with respect to the subterranean geology of 
I^mdon, which I think merit more attention than they have yet 
rsomved, and it will be my object briefly to allude to the con- 
dostons fairiy to be drawn from the facU observed with respect 
to them. 

London, as is well known, is built in the centre of a large 
basin of the tertiary formations, composed mainly of stiff blue 
cUCys, underljrinff occasional patches of sands and gravels, and 
consisting at lU base of permeable sand and mottled days. The 
basement beds rest upon a depressed surface of chalk; and if, 
for the present, we limit our survey to the superficial geology, 
. we find that around the lower margin of the chalk the subcre- 
taoeous formations outcrop in the valley of the Thames, (o be 
succeeded by tha oolites, and that none of the affluents of that 
river flow from any of the striita older than the oolites. All 
these formations, it is important to observe, are more or less of • 
a movable character, and their materials can easily be disturbed 
by heavy rains; moreover, nearly the whole of the surface of the 
valleys of the Thames and of its affluents is under cultivation, and 
is therefore the more susceptible of such disturbing actions. Lech- 
lade, the first point where the navigation of the small head-streams 
of the Thames commenoss, is situated at about 146 toiles from 
London, and at an e^vation of 268 feet above low-water mark of 
Loiidon-bridp. From thence the river, called in this part of its 
course the IsU, receives the Evenlode and the Churwell, flowing 
from the oolite and lias groups; then below Oxfoitl it receives 
the Thame, also from the oolite, and Oxford clay; the Windrush 
and the Ock, from the chalk or from the subcretaceous deposits; 
at Beadiuff it receives the Kennet, from the chalk; at Maiden- 
head, the Lodden, from the London day; at Staines, the Colne, 
from the chalk; at Ham, the Wey, from the green sand under 
the chalk and the chalk itself; and shortly beyond the junction 
of the Mole, the tide is shut out by means of the Teddiugton 
locks. There are a few insi^ficant streams supplied to the 
Thames by the Bagshot sands, and, as we have seen, a few 
streams are derived from the lower green sands; but nearly all 
the affluents and the main stream are supplied by the forma- 
tions which are likely to communicate to water the bi-carbonate 
of lime; and from their high state of cultivation, and the num- 
Iwp of inhabitante on their banks, it is fair to suppose that they 
also contain a rather large portion of organic matter. Thede 
remarks might be extended to the water of the Lea and of the 
Bavensboume, for they are both fed principally from the chalk 
springs of their respective valleys, and from the* surface drainage 
of their water^sheds, which are, as in the case of the valley of 
the Thames, highly cultivated. The only geological formations 
of a nature to supply pure soft water, in sufficient quantities 
for the consumption and the waste of a town like London, are 
mtoated at a very great distance from it The Bala Lake, to 
which it has been proposed to resort, is, in fact, situated at about 
170 miles as the cr ow flies; nor are there any large bodies of 

* Pkper read befbra tbe Soei«t7 of Arts. 



water of a similar diarscter to it to be mei with neairer the me> 
tropolis, nor are any of the primary or plutonic rooks to be found' 
withui a rMSonable distance. 

^ In addition to the sources of water supply pn>vided by tho 
river and its affluents, the inhabitants of London were able for- 
merl3r to derive a large quantity of water from shallow wells, 
sunk in the superficial gravels, or from the deep wells sunk into 
the sand beds of the I^ndon day, or into the subjacent chalk. 
For all munidpal purposes, the wells in the gravel have long 
since become usdess, and both on the score of the quantity and 
the qnalitv of their water, they may be here passed over, espe- 
dally as the recent inquiries with respect to the effect of their 
wat^r upon the diffusion of the cholera have raised so strong a 
fediug against their use, that no one would dare now to recom- 
mend those fluids for any other purpose than for fiUing such 
pieces of ornamental water as the Serpentine, or St James's- 
park. The deep wells in the basement bed still yield Urge 
quantities of water in some parts of London, and they are 
of great local value to mann&cturers; but in other parts of 
the hydrographical basin of the metropolis, in consequence of 
the existence of a series of upheavals and displacements, the 
supply to the underground beds is so intercepted, and at the 
same time so great is the demand upon them, that even in the 
most favourable places they are gradually becoming exhausted. 
In the works of Messrs. Prestwich, Mylne, Braithwwte, Clutter- 
buck, &c, will be found a great mass of information on the sub- 
ject of the gradual exhaustion of the subterranean water-bearing 
strata of London; and the permanent depression of the Watei^ 
le^el in them has actually become an evil of serious practical 
magnitude to the factories which rely on this source or supply. 
It seems, however, that as much as 20,000,000 gallons per day 
are still drawn from the various wells about London, but now 
principallv from the chalk. After the incessant rains we have 
had for the Ust eighteen months, it is possible that the level 
of the water in these wells may have risen, but the first drought 
will cause it agaiu to fall, and every improvement which 
takes pUce in the land drainage of the exposed surfaces of the 
water-bearing strata must tend to increase the exhaustion of 
their lower basin. 

Although the exhaustion of the chalk, and of the basement 
bed of the London clay, has been thus markedly ascertained, it is 
curious that the Kent Waterworks Company should latdy have 
succeeded in bringing to the surface a very large quantity of water 
by means of some wells sunk in the valley of the Bavensboume, 
just before it falls into the Thames, and in the chalk itself. The 
yield of these wdls is sufficiently great to enable the company 
to dispense almost entirely with its supplies firom the Bavens- 
boume, and the water is bright, dear, and singularly wholesome 
and pleasant It seems to me that the explskuation of this ano- 
malous flow of water is to be accounted for by the interference 
with the flow of the subterranean currents in the lower beds of 
the chalk: firstly, by the great line of fiiult which has given 
rise to the valleys of the L^ and of the Bavensboume on their 
respective sides of the Thames; and secondly, by the upheaval 
in an east and west direction which is known to exist between 
Windsor, Brentford, Deptford, Shooter's-hill, Grays, and the 
extreme north-westerly point of the embouchure of the Medway. 
In all probability, also, the same upheaval has thrown to the 
surfiice the spring which has lately oeen shown to exist on the 
north bank of the Thames, opposite to Gravesend; and I should 
be much disposed to believe that for many years to come large 
quantities of water would be obtainable from both the wells of 
the Kent Waterworks Company and from the newly-discovered 
spring, without producing any sensible depression of the watez^ 
hue. At Woolwich, it is tme, the Plumstead Company was 
obliged to sink, or to bore, to a maximum depth of 625 feet 
before it could obtain even a small supply; but the works were 
pUced on the lower side, in the direction of the dip of the 
north and south fault of the Bavensboume valley, and between 
the latter and the vallev of Cray and Darent; so that the con- 
tributing area was forcedly a limited one, espedally as the boring 
was not carried down to the more permeable and more highly- 
charged strata at the base of the chalk. I have heard of Arte- 
sian borings having lately been successfully made in the chalk 
at Bermondsey; and I have little doubt but that similar resuito 
would be obtained by sinking down to the chalk marl near the 
margins of any of the lines of fault already noticed: the effect of 
pumping liberally from such wells would however only be to ex- 
haust the supply; and in time it would be found that the pheno- 
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mena already observed in the upper ohalk would be reprodaced 
in the lower oeds. It would be long, no doubt, before this effect 
would really take place; and in the meantime we may dwell wiUi 
satia&ction cm the discovery of the new sources of supply at 
Deptfbrd and at Grays. 

The history of the wells in the Beptford valley is the more 
interesting, from the fact of the failure of the attempt to secure 
a large supply of water from a deep well at Hiffhgate; aod it 
seems to me also to point a moral, which might be very useful 
to all connected with well-sinking. The Highgate well was com- 
menoed with the belief that by passing through the London day 
and its subordinate beds — the chalk, the upper green sand, and 
the flault — a supply would be obtained from tne lower green sand, 
in the same manner as at the Artesian well of (Crenelle. It was 
known that the lower green sand outcropped on the marffin of 
the gault all round the northern, western, and southern siaes of 
the London basin; and certainly there was no d priori reason for 
doubting the continuity of the stratum beneath London. But 
after passing the various strata, including the gault, iu the pre- 
cise order anticipated, and of a total thickuess of 1113 fU 6 in., 
the boring took, mstead of entering upon the lower green sand, 
as was then anticipated, passed into a series of beds of sands, 
sandstones, red days, &a, which have been considered by geolo- 
gists to belong to the new red sandstone series. From the re- 
sults of some other borings recently made near London, I am 
disposed to believe that these beds are members of the Wealden 
senes rather than of the new red sandstone, notwithstanding 
the apjparent confirmation of the latter theory by the results 
of the borings at Calais, Ostend, and Harwich, to which I hope 
to be « able to call your attention on a future occasion; but to 
whatever portion of the geological series they belong, the effect 
of their intrusion has been entirely to intercept the flow of the 
water of the lower green sand under London. (Jnder such dr- 
cumstances it was manifestly impossible that water should be 
obtained at the Highsate well from that formation; and as the 
chalk, the chalk man, and the upper ffreen sand yielded com- 
parativdy no water, the prosecution of the works was abandoned. 
It may be added that the Hampstead Company, at whose ex- 
pense they had been carried on, was shortly afterwards com- 
pelled to part with its district to the New Biver Company. 

Now the lesson which may be learnt from this story seems to 
me to be, that there is little chance of findiuff water iu any deep 
well in formations like the chalk, if that weu sliould be sunk in 
the intermediate zone between two great lines of fissures, such as 
have given rise to the outbursts of the springs in the valleys of 
the Colne and the Lea; and it is to be observed that the indica- 
tions of these lines of disturbance are to be ti*aced on the south 
side of the Thames, respectively iu the valleys of the Wey and of 
the Bavensboume. It would seem as though the subterranean 
waters accumulated near the edge of the fault, and were there 
forced to the surface: and it is worthy of notice that the springs 
which supply the four rivers above mentioned almost all rise on 
their western banks; that is to say, on the bank corresponding 
with the upper edge of the dip of the strata. In such case the 
water miffht even be forced up a free open passage between the 
disruptea faces, more easily than it would rise in a well sunk 
through the superincumbent strata: and a current once estab- 
lished iu such a direction, a well sunk near the apex of the inter- 
mediate district would not receive a larger supply than would 
arise from the precise area itsdf had laid bare. The water 
flowing in the intercepted stratum for a width equal to the 
dimensions of the well would flow into the latter, but no more; 
and the only way of increasing the yield of such a well would be 
by driving a heading across the lino of dip, at the level of the 
water-bearing zone. Tliis at least is certain, viz., that at High- 
gate and at Woolwich the wells were sunk below the natural 
water-line of the valleys of the Lea and of the Bavensboume, and 
no cousiderable volume of water was obtained in either of them. 
Now to revert to the condititm of the actual water supply 
of London, you must be aware that, subseouently to the passing 
of the Metropolis Water Act of 1852, all tlie companies have 
been obliged to remove their sources of supplv from posi- 
tions where the waters were likely to be efl*ected by the tidal 
action, or by the emanations of large manufacturing districts. 
Tlie West Middlesex, Grand Junction, and Southwark Com- 
panies take their water from the same spot on the banks of the 
Thames, above the village of Hampton, and above the second 
lock on the navigation; the Lambeth and Chelsea Companies 
take their water m>m Kingston^ above the Teddington lock; the 



East London and New Biver Companiea take their water from 
the Lea, the first from a lateral branch from the main stream 
given off above Clapton, and the latter from the river above 
Ware; whilst the North Kent Company takes iU water princi- 
pally from its wells, and partially from the Bavensboume. In 
all cases the companies are bound to filter the water, and the 
arrangements for that purpose are of the most dabomte descrip- 
tiouj and are, moreover, very conscientiously carried into effect 
All the storeage reservoirs are covered, and in &ct every pre- 
caution has been taken to iDsnri» the purity and the good quality 
of the water supplied to the inhabitants of London. Whatever 
can be eflected by skill and sdenoe foir those purposes has been 
done; and yet, month after month, the Begistrar-General has 
thought it to be his duty to make comparisons between the 
water supplies of JLondon and some other towns, which appear 
to lead to the condusion that the London water companies 
supply a fluid of a very objeotiiHiable qmdity, even if they do not 
point to the necessity of a radical change of the whole system 
here adopted. 

Without carrying you back into the Bmstrar-General's weekly 
returns of the pubRc health, I wouM remr to those published at 
the beginning of October, November, and December last, in 
which the following tables appear:—* 



18M. 



Supply. 



OCTOBIB. 



3t: 



Distilled water 000 

Lodi EAtrine, Glasgow... 8*16 

Manohester 4*32 

Great Yarmouth.. ... 20*96 
Wdl, Great Titdifieldst. ... 

Ditto, Bexley-stroet, Cam- ) 

bexwell ( *" 

Thames Covpakiss. 

ChelBea 21*40 

Lambeth 21*20 

Southwark 20*40 

■ West Middlesex 20-16 

Grand Juxustion 20*28 

Otheb Oomfakiis. 

East London 23*40 

New River 20*08 

Kent 24*64 



0*00 
0*96 
0-64 
3*04 



1*88 
2*08 
1*12 
1 24 
0*84 

204 
1 12 
1*60 



NOTSMBSB. 



hi 



i 



0*00 
8*16 
4-82 

140*68 



21*12 
21*88 
19*64 
20*68 
20^96 

22*44 
20 32 
23-78 



0*00 
0-96 
0*64 

16*68 



1*12 
l*6ff 
1-08 
1*68 
1-36 

1*48 
1*12 
2*68 



DSCBMBia. 



-K 



214*00 



00 
8*16 
i.*82 



20«84 
20*28 
21*60 
20*04 
21*88 

21*48 
22*30 
22*40 



0*00 
0*96 
0-64 



12-80 



2-08 
1*24 
1*80 
1*84 
1*60 

1*40 
0*84 
0*56 



Now the valae of ofiidal analyses of this description depends 
on the extreme care taken with them, and the precaations ob- 
served to secure correct results; yet we have this singular fiict 
upon the face of the above tables— viz., that the analyses of 
the supply from the Glasgow and from the Manchester water- 
works tor the three last winter months— during which heavy 
rains and snow fell, and the trees and shrubs upon the respective 
gathering grounds must have furnished a numoer of dead leaves 
able to affect the quantity of organic matter in the waters flow- 
ing from those grounds — the analyses have been identical. The 
comparison between the fixed quantity of org-anic matter as- 
signfHl to the Glasgow and the Manchester water supplies on the 
one side, and the variable quantities asserted to be found in the 
London water supplies, goes for nothing under these circum- 
stances. Again, in none of these cases has any public statement 
been made of the nature of the organic matter said to be con- 
tained in the waters, although it is universally admitted that the 
injurious effects of the organic matters in question depend upon 
the quantities of the nitrogenous elements they may contain in 
a state able to undergo decomposition. The nitrogen of the or- 

Snic elements which have undergone decom[>osition is stated by 
ofmann and Blyth to be innocuous, but in the tables above 
given it is induded with the other "oi^ganic^ matters; and it is 
by no means impossible that the actively dangerous elements 
mav exist in the greatest proportions precisely in those waters 
which contain the smallest numerical quantities of the class here 
grouped under the same name. But be this as it may, it is 
worthy of especial remark, that on several occasions the London 
waters have presented quantities of organic matter which are 
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sctnally leas than thoM permanently assigned to tbe waters oon* 
ridered to be the *'types of wholesome town supplies." 

As to the inorganic imparities in a town supply, there is still 
so great a variety of opinion as to their inflnence, that it wonld 
be presumption in any one man, or even in any one body of pro* 
fenors, to pass a decided opinion on the subject From the 
eariieBt periods to the present day it has been held by the most 
competent inquirers into this branch of pathology, such as Hippo- 
crates, Chossat, Dupasquier, Levy, Dumas, &c., that waters con- 
taining a small quantity of the bi-carbonate of lime in solution are 
those which are the most advantageous for human consumption. 
It is precisely the bi-oarbonate of lime which constitutes the bulk 
of the inotganie impurity of the water flowing from the various 
foimations of the- valley of the Thames; and it appears from the 
results of experiments on water obtained directly from the chalk, 
that there is a larger proportion of that ingredient present in 
them than there is in the waters originally derived mmi chalk 
springs, but which have flowed for some time in the open air. 
The wholesomeness of chalk water, when clear and free from 
mechanical impurities, is too well known to require more than 
a partial allusion; and it must therefore be a matter of surprise 
to those who reason upon these matters to find that the confi- 
dential advisers of the central administration should thus per- 
sistently dwell upon the amount of impurity supplied to London, 
when it is by no means proved that the so-called impurities are 
not positively advantageous under many conditions of a town 
supply. No details of the nature of the officially branded im- 
purities of the London water are given; but from analogy, and 
from isolated experiments, it is fair to suppose that out of the 
21 38 grains of impurity per gallon there are, in addition to the 
averag^e quantity or organic impurity, or 1*395 per gallon, about 
16 grains of the carbonate of lime, with variable proportions of 
the salts of potash, sodiimi, magnesia, and caldum. These iuor- 
ganie substances may even be supposed to play some usefnl part 
m the strange chemistry of life; and it is notorious that the 
water which does not contain them is oflen exposed to chemical 
reactions of a dangerous nature. Thus, for instance, in the case 
of the Woolwich and Plumstead Waterworks Company, the very 
beautiful sjrstem invented by Dr. Clark for softening the chalk 
well water, was applied under the very able management of Mr. 
Homersham, and the impuritv was reduced from 23 grains to 
7 grains per gallon. But at the same time it is to be observed, 
that the water so softened acted very rapidly indeed upon the 
lead cisterns and services exposed to it; so much so, I have been 
informed, as to entail a very heavy loss on the waterworks com- 
pany. Again,, the water of-that "type of a town supply," Man- 
chester, is now stated to be able — nay more, to be exposed — to 
take up lead in sufficient quantities to be deleterious to health; 
and the story of the lead poisoning of the fiimily of the late ex- 
king of the French, through the use of soft water which had been 
stored in a lead cistern, must be in the memory of all my readers. 
I am myself disposed to suspect that there is some degree of ex- 
aggeration in the opinion held by those who have written on the 
defeterious action of soft water on lead; but the point to which 
I am anxious to draw attention is this, that until the abso- 
lute importance of the actions of various classes of water are 
known, it is dangerous to cite any one of them as the type of a 
town water supply, and thus by implication to create a prejudice 
against other sources of supply. The fiict i% that the human 
constitution is a far more delicate test of the value of water for 
this particular purpose than any chemi(»l analysis can be; and 
as the health of our London population is by no means inferior 
to that of the population of Manchester, or even of Glasgow or 
Aberdeen, whilst its moral habits are no better than those of the 
towns cited as having a more comparatively pure and soft water 
supply, it seems to me that there is something at least injudi- 
cious in the tone of the monthly criticisms upon the quality of 
the water distributed by the London waterworks. 

There is moreover a very serious consideration, which, to my 
mind at least, overrides the whole of this discussion upon the 
quality of the London water supply, viz., that if medical and 
chemical authorities should agree that the present source of 
supply ought to be abandoned, there is positively no other source 
to which we could resort. The notion of forming gathering- 
grounds and catchwater reservoirs on Ba^hot-heath was too 
absurd for even the late General Board of Health to support 
after it had been expKraed to adverse criticisms for a few weeks. 
The scheme for collecting the waters from the Hind Head dis- 
trict also fell to the ground on examination; and I myself, from 



personal inspection of the district, know that not only was the 
« quantity of water said to be obtainable trota it seriously exagge- 
rated, but that the estimated expense of the works was as seri- 
ously bdow what it really woula have been. Even if both these 
catchwater schemes for securing a soft water supply were exe- 
cuted at any cost, they could not furnish the quantity required 
for the enormous population of London. At the rate of the 
Liverpool and the Manchester waterworks, where the rain-fall is 
greatly in excess of that of London, it would require gathering- 
grounds in the proportion of about 25 acres per 100 individuals; 
. or for the supply of the metropolis it would require not less than 
1000 square miles, or about one-sixth of the total estimated 
water-shed of the Thames; and it is preposterous to suppose 
that under any conditions of springs fea from other sources the 
districts it has been proposed to resort to could yield anything 
approaching the volume which would be required. As it is, the 
abstraction of fresh water from the Thames is in dry seasons 
becoming an evil of serious magnitude to the navigation, even 
when the New Elver, the East London, and the Kent Water- 
works Companies derive their supplies from other sources than 
the Thames. What would be the case if the whole of the 
100,000,000 of gallons now supplied to be consumed every 
day in London were withdrawn from the basin of the TJd' 
per Thames ? It must indeed be observed, that if there be 
any real value in the opinion as to the hygienic superiority of 
the pure soft water, the whole of the town supply must be of 
that description, unless the new source be resorted to simply as 
the basis of a scheme in opposition to the companies already in 
possession of the supply. Far be it from me to pre-iudge the 
question as to the necessity of any such opposition. Ail I seek 
at present to show is, that so far as regards the quality of the 
water supplied to London, there is no immediate reason for a 
change, and that there are at many objections to be raised to the 
qualities of the model municipal supplies, as there are to the 
unjustly attacked waters distributed by the London water 
companies. 

In the year 1856, a series of articles under the head of 
"Visits to the London waterworks," appeared in the Journal of 
Gai Lighting and Water Supply; and in the same year a report 
to Mr. Cowper, president of the General Board of Health, was 
published; in both of which an account was given of the works 
executed by the metropolitan waterworks in compliance with the 
Metropolis Water Act, 1852. At the date of the publication of 
those documents nearly aJl that had been contemplated for the 
alteration and improvement of the existing system of supply had 
been completed, and since then little else nas been done oeyond 
the extension of the distribution into the continually extending 
suburbs of our marvellous agglomeration of houses, and some 
trifling modifications of the machinery required to meet the 
wants of some outlying districts. Perhaps the most remarkable 
events which have taken place since 1856 in the history of the 
London water supply, have been the completion of the works on 
the New River at Momsey; the sinking of the new wells at the 
Kent Waterworks; and the utter failure of the Woolwich and 
Plumstead Company, from a combination of circumstances into 
which it is not my province to enter. The results of the very 
costly, and very equivocally successful experiments at Orange- 
street and Duck Island, have in no wise affected the question of 
the metropolitan water supply; and the schemes for supplying 
the extreme east of London from Grays, or the extreme south- 
east from the Cray or the Darent, remain still in the state of 
projects; the Hampstead Company, as was before said, has been 
merged into the N'ew River Company. At the present day, 
then, the companies which supply the metropolis are: — 1. New 
River; 2. East London; 3. South wark and Vauxhall; 4. Lambeth; 
5. West Middlesex; 6. Chelsea; 7. Grand Junction; and, 8. Kent. 
The capital embarked in these undertakings is enormous. From 
the returns to the General Board of Health it seems that the 
total cost, up to 1856, had been not less than £7,102,823; and at 
the present day it cannot be much below 1\ millions. In 1856 the 
aggregate nominal steam-power employed was not less than 7254 
horses, and the quantity of water pumped was 81,025,842 gallons 
per day, on the average of the vear. JSfor would it be unfair to 
suppose that, in consequence of*^ the increase of popuhition since 
the date of these returns, that the present rate of supply must be 
nearly 100,000,000 gallons per day, or at the rate of about 
40 gallons per head of the inhabitants. A service of this cha- 
racter cannot be lightly disturbed, and it behoves our rulers to 
observe especial caution in the manner in which they allow their 
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agents to create feelings of dissatis£Eu;tion with a class of public 
contractors who have risked so much, and laboured so earnestly 
to discharge the duty they have undertaken. Perhaps the best 
proof of the earnestness with which the London companies have 
entered upon their task is to be found in the fact that they have 
spent no less than 2^ millions sterling for the removal of their 
sources of supply, for the filtration of their water, and for the 
improvement of their distribution since the year 1852. 

Before closing these remarks I cannot refrain from saying that 
the inhabitants of London have been very far from seconding 
either the intentions of the legislature in passing the act of 185^ 
or the water companies in their attempts to improve the auality 
of the supply. The legislature unquestionably intended (wnether 
rightly or wrongly) to facilitate the introduction of the constant 
service, as it is <»Iled, into London; and the companies have 
executed all the works incumbent upon them for that purpose. 
For jny own part, I believe that the provisions in the act of 
1852 on this subject must always remam a dead letter; because 
the substitution of the machinery required for a distribution on 
the constant supply for one upon the present intermittent supply, 
would involve an outlay on tne part of the public equivalent to 
between £5 and j£lO per house. Moreover, the waste of water 
upon the constant supply in a town like London — ^if it attained 
anything like the proportions it has done at New York and Bos- 
ton — would instantly compel the adoption of measures to limit 
the rate of supply. Practically, 1 believe that the distribution of 
water in London must continue to take place as it does at the 

S resent day; but so long as this is the case, so long does it be- 
ove the London public to exercise a rigid superintendence over 
the machinery of distribution which is under their own control. 
It is in vain to change the sources of supply for the purpose of 
avoiding organic impurity; it is useless to filter the water and 
store it in covered resei*voirs, i£i directly that water enters the 
houses it is intended to serve, it is poured into cisterns which 
are not cleaned out from ^eai^s end to year's end, or into butts 
teeming with every descnption of organic and inorganic impu- 
rities. In this matter, as in many others connected with social 
and hygienic science, the public requires to be taught that the 
remedy for the most pressing of their evils lies in their own hands; 
and if the householders of I^ndon would only clean out their cis- 
terns once a month — at least once every three months — we should 
hear very little of the "total impurity per gallon" of the London 
water. As it is, people who are not accustomed to think on these 
matters are apt to forget the real proportions of the impurity 
Said to be present in the water referred to, and the public requires 
to be reminded that 22 mins per gallon only^ mean 1 gram in 
about 3182 grains, and that 1*4 grain of organic impurity of all 
kinds, only mean 1 grain in 50,000. If these impurities be 
poisons, they may be suspected to be slow poisons, of the kind 
Fontenelle could, at the age of eifirhty, afford to jest about, as he 
had taken' them every day of his fife; and we Londoners have an 
unfortunate habit of " persevering in livinff '' under their effects. 
It may be worth wnile to add that the average cost of the 
London water supply does not exceed five per cent, on the 
rental, for a distribution so copious as to attain the rate of 
40 gallons per head per day, or nearly seven times as much as it 
ought to be, for, in fact, no one really uses much more than 6 gal- 
lons per day. They only who take the water pay for it, and the 
trading companies who supplv the public are obliged to suffer lUl 
risks, and to contribute largely to ail public burdens in the shape 
of rates and taxes; for instance, the assessments of the water 
companies to the poor rates vary between 9 and 32^ per cent, of 
their total rentals; and, moreover, they are by the very necessities 
of their position compelled to adopt every improvement in me- 
chanical or chemical science as it rises. A very long discussion 
might be raised upon this part of the poUtical economy of the'dis- 
charge of municipal services, but it may suffice here to say that 
the experience famished by the management of the Mancnester 
Gasworks, and of the Southampton Waterworks, shows that 
wherever municipal bodies take upon themselves the discharge 
of functions which must be paid for in some way or other, 
there is great danger — ^firstly, that there will be injustice in the 
assessment of the payment; and secondly, that in the mode of 
working there may be extrava^nuioe, even if not abuse. The 
modem system of paying for the deficiencies in municipal budgets, 
occasioned by the inade(}uate charges for gas and water rents, by 
means of general and district rates, is, after all, only a disguised 
method of making the community at large pay a portion of the 
burden the oonsumen alone should bear. The system adopted in 



Inondon, where they only who receive a benefit pay for it. Is oer-- 
tainly the fairest one, and in the end past experience has proTed: 
that it is the cheapest 

The conclusions I am induced to draw fix>m a careful study of 
the question of the present condition of the London water supplj 
are as follows: — 

1st I think that the quality of the water is on the whole ex«, 
extremely gooil, and that th^ companies take eveiy precaution ia 
their power to maintain its character. 

2na. I am convinced that it is utterly impossible to secure a 
supply which should attain the supposed ideal type, even if that 
were desirable, which I do not beUeve. 

3rd. I think that the greatest present improvement in the , 
quality of the London waters would be effected by rendering it 
impossible for the population on the banks of the Upper Thames 
and its affluents to use the river as their outfall sewer. With 
all the local impurities thus cast into the Thames, the quantity 
of organic matter its water contains does not however exceed in 
any notable quantity those contained in deep-seated chalk springs 
which cannot possibly receive sewage. 

4th. It seems to me that any extension of our present suppliee 
should be sought for rather on the east than on the west of 
London, and on the edges of some of the great lines of disturb- . 
ance there existing. 

5th. It seems to me also that it would be a mere waste of money 
to attempt to execute any system of catch water supply. 

6th, and lastly. I think that there is both great injustice and 
great want of a trae spirit of philosophy in the insinuations which 
are now constantly ui*Ked by the Begistrar-Qeneral on the sub- 
ject of the impurity of .the London water. Pure water does not 
exist in nature, for even rain-water contains appreciable quan- 
tities of ammonia: thus, Barral states that the rain-water of 
Paris contains about 3 in 100,000 of organic impurity; and the 
well of Grenelle yields a water containing about 15 in 100,000 of 
impurity of every kind: but even if pure water could be obtained, 
it would be necessary to ascertain the precise nature and effects 
of the extraneous matters in any other definite water ^applyi 
before applying to those matters the term impurities. The 
Begistrar-Genend's monthly reports, moreover, not being drawn 
up with the assistance of the officers of the companies, can only 
be regarded as ea parte statements by one who evidently haa 
a strong bias against the companies or their sources of supply. 



DISENGAGING CATCH FOR XHE MINEB'S SAFETY 

CAGE, &c.* 

By BoBERT ATTOim. 

All previous disengaginff catches with which I am acquainted 
are subject to the serious defect of disengaging sometimes when 
it is not wanted, or of not disengaging when it is wanted; and 
the means taken to remedy the one defect only make the other 
more imminent 

The catch which I have invented (Figs. 1, 2, and 3) is entirely 
free from Uiese faults. It may be described as a species of clasp- 
knife, which it resembles both in form and the duty it has to 
perform — namely, that of cutting through an iron bolt, so as to 
allow the cage being disengaged from the winding-rope, as after- 
mentioned. Its handle, ABC, Fig. 1, and blade, ADE, consist 
almost entirely of three steel plates closely touching each other. 
The handle is formed of the two outer plates, which are sepa- 
rated, as usual in knife handles, b^ a spring along the back, and 
which is marked off by dotted lines m the fibres. The mid 
plate represents the blade of the knife, which is not kept shut 
DV its spring as in ordinary knives, but is slightly open. The 
pm A, on which the blade turns, serves as the bolt of the 
shackle, by which it is attached to the winding-rope. The 
shackle end of the catch is no wider than is necessary for strength. 
But the lower ends, both of handle and bkde, BC and DE, are . 
made somewhat wider, to admit of slots being cut into them, to 
serve as hooks for suspending the cage. The slots are made thus: 
having shut the catch, by pushing the blade home into the 
handle, as in Ilg. 2, a vertical slot FG is to be cut from the 
middle of the lower end, right through both handle and blade, 
of a size sufficient to admit the link by which the cage is to be 
attached to it The length of the slot may be twice its width, 
llie blade being now opened, as in Fig. 1, the slots of both 

•Bawl before tlwB(qral8oottiah8ociaC7aC Arts. 



Mtr.l,Unj 



THE CIVHi ENGINEER AND ARCHITECT'S JOURNAL. 



75 



handle and blade are to be extended from their upper ends in 
the direction of each other, that is to H and I respectiyelj. 
The length of these extensions need not exceed their width. 

The action of the slots is as follows: — ^the catch or knife is first 
shut, which brings the vertical slots both of the handle and of 
the blade together^ so as to form onlj a single opening, as in 
y«K 1. Fw. 1 





Fia. 8. 



Fig. 2;^ The link bv which the cage is to be &8tened to the 
catch 18 then pushed up to the top of the vertical slot Next, 
the blade is allowed to open by the operation of its spring, by 
which means the vertical slots, both of the handle and the 
blade, are moved away from under the link, which now finds 
itself at the extremities of the side extensions of the slots, 
resting on their lower sides, as in Fig. a In this situation, 
the junction of the cage to the rope is perfect But its secu- 
ri^ depends entirely upon the spring; for if it were to allow 
the blade to shut, the two vertical slots would be brought 
together, and allow the link to escape, and the cage to drop. 
To prevent the occurrence of this mishap, to which all previous 
disengaging catches are liable, a strong bolt of soft iron, whose 
head is shown at K, Fig. 3, is passed through both handle and 
blade, and strongly rivetted. This secures the catch beyond 
the possibility of accident, and gives as 
much security as any link or shackle 
oould do. At the same time the bolt may 
be out^ and the blade shut so as to liberate 
the cage, by the application of sufficient 
power. For this purpose, a strong iron ring 
LM, Tig, 3, within which the winding- 
rope travels, is secured close below the 

jnt-head pulley. Its diameter is just suffi- 
cient to admit of the catch passing through 
it when closed. In the case of over-wind- 

inff, when the catch, impelled with the 

whole force of the steam-engine and the 

momentum of the fly-wheel, reaches the 

iron-ring, the blade is at once shut, and 

the bolt sheared cleanly through, and the 

cage released. This is shown in the model, 

in which a bolt of copper is cut through 

at each experiment The bolt is not 

broken, in which case it might be feared 

that sometimes it would stand the shock 

and not liberate the ca^e; on tlie contraiy, 

it is as cleanly cat as if done with shears 

provided for the purpose. The reason is 

obvious; the handle and blade of the 

catch are composed, as was stated before, 

of three pktes of steel, fitted closely together, and drawn still 

closer by the rivetted bolt, which will not let them part till 

the cuttinff of the latter is completed. 
I shall have thus, I hope, established my two positions, that 

the catch cannot be disengaged by accident^ and that it cannot 

fail being disengaged in a case of over-winding. I am happy to 

be able to add that I have not secured the disengaging catch 

by patent 




ON THE LARGE BLASTS AT HOLYHEAD. 



By Georgs Bobertson. 
{Conduded fnm page 40.) 

The objections to shafts are as follows: — 

The miners not only work in a confined space, but to great 
disadvantage, as their work is below their feet 

The materials and men have all to be drawn to the top by a 
windlass; and the ventilation is bad, so much so, that ^r 
a small shot in the shaft was fired the men could not return to 
their work for some time, notwithstanding the windsails, water- 
tubs, and other contrivances that were used to remove the foul air. 
Any water also which may collect in a shaft, either from rain or 
wet joints, has to be removed, and will not drain out of itself 
Shafts have some advantages, however, over headings. They 
weaken the whole column of rock from the top to the bottom, 
greatly helping the powder, and determining the line of fracture. 
Thejr are also very quickly tamped, as the debris which comes out 
in sinking the shaft has merely to be thrown down again. This 
is of some advantage in wet situations, where the powder should 
be fired oflf as soon as possible. It is obvious that the same 
point in the rock may be reached as well from the face as from 
the top of the quarry, and often by a shorter route. 

Heiulings, or galleries at right angles or nearly so to the fitce, 
are evidently in some points preferable to shafts sunk from the 
top. They are of a more convenient form to work in, the men 
having the rock in front of them, instead of below their feet; 
the chippings can be easily wheeled out; the ventiktion is better; 
no rain falls into the mouth as in a shaft, and any water from 
joints drains itself out A heading also forms a convenient 
Fia. 1. Fio. s. 




Chaiig«, S840 lb.; produce, 
6600 tons. 



Charge, 2S00 lb. ; produce, 
6600 tens. 



place of safety for the miners while neighbouring shots are 
being fired. The usual size for a heading was 5 feet to 5 ft. 6 in. in 
height, b^ 3 ft 6 in. Wherever it was possible headings were driven 
by the side of joints, and were gene^hr placed so as to blow 
away a comer, as in figs. 1, 2, 3, 4 When it was desirable to 
dear the bottom of the quarry well, the powder was placed 
several feet below the level of the rails. 

Headings are more nearly in the direction of the line of 
least resistance than shafts are, and the tampine is in conse- 
quence more liable to be blown out They have therefore to be 
filled with greater care, and the direction of the gallery changed 
and sunk at parts, as shown in the diagrams. 

Fig. 1 had a line of least resistance of 28 feet, with a height 
of &oe of 70 feet The charge was 2340 lb., placed 3 feet below 
the rails, and thb produce 5^00 tons, or 2^ tons for each pound 
of powder. 'Ei^, 2 is a veiy simple form of headinj^ run along 
a joint not at right anglee to the face. The line of least resis- 
tance was a foot more than in Fiff. 1, but the charge of powder 
was rather less, viz. 2300 lb., as l£e &ce was but 60 feet high; 
and in Fig. 1 there was also a heap of loose stones at one side, 
which gave the powder more to do. The produce of Fig. 2 was 
5500 tons, or nearly the same proportion to the pound of pow- 
der as in the last example. Fig. 3 was also driven along a joints 
with a line of least resistance of 28 feet^ and 85 feet height of 
&ce. The charge was 2500 lb. (1 ft 6 in. below the rails), and the 
produce 6000 tons, or 2} tons to the pound of powder. As in 
shafts, the powder was often divided into several charges. An 
instance of a double charge is given in Fig. 4, where the gallery 
follows the direction of one joint, and the principal chaise of 
powder is placed at another joint The sinkage in this heading 
was not, as usual, at the turn of the gallery, out in the centre 
of the stndght portion: Pi was 2400 1&, F, 1800 lb.; the line of 
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least TfoiataDce 33 feet, nDtl the produce 2 J tons to the pound of 
powder, or 10,000 tons in alL 

A doable heading, with three dnkages, is shown in Fig, 5, 
where the face averaged 60 feet in height, and the lines of feast 
resistance 29 feet The produce was 12,000 tons, with a charge 
of/yiOOlb. 

During the period referred to in this |mper the largest mine 
fired was one of 5 tons of powder, producing about 40,000 tons 




ChMTpi, t&m lb.; pro4B0B» Ch^t^ *2ftO lb.; produoe, 

«0{>0 tool, 10,000 Vjoft. 

of stone; but since then there have betn others larger. One of 
the most successful ever fired at Holyhead was a beading with 
four charges, in which the joints of the rock were very favourably 
situated, as is seen in Fig, 6. The height of face was UfJ feet, 
the length 140 feet, and the grip of heading 35 feet. The total 
charge was 13,000 lb. of powder, or 6j tons (2000 pounds of 
powder going to the ton}, P^ ^ 4500. P, ^ 4000, P^ = 3000, 
F, = 1500 Vbi The produce was stated in the newsnapere to be 
70,000 tons of stone, or fully SJ tons to the pound of powder. 
Unless the rock was very overhanging this quantity appears 
rather full. It may give a more popular notion of the enormous 
supply of stone brought down by tnese large blasts, when it is 
stated that Fig. 6 funiished an ample nuantity to build the divi- 
sion of George-street (Edinburgh) in which this hall stands, with 
enough over probably for half of the opposite side; or there 
would be flo^^eient to macadamise the rocul from Edinburgh to 
Linlithgow. 

larger charges were required for headings than for shafts, as 
the superincumbent rock was not weakened by the shaft column, 
and the height of fiM» was generally great where headings were 
most advantaffeously used. It will be seen therefore that shafts 
and headingsnave each their peculiar merits and defects, and 
that a judicious mixture of both is the only proper way of work* 
ing a quarry on the large scale. Un the whole, headings pre- 
ponderated, espedally after the first two years' experience* 

The usual method, when the face of the rock was not per- 
pendicular, was to remove the upper half by a shaft, and the 
lower by a heading. Wljen the face was nearly upright the 
h^ing alone was suificient, as the top fell in when the root 
was blown out A howling and a shaft fired together left a clean 
perpendicular face for the next mine. A good deal of fore- 
thought had to be exercised in placing the shafts so that they 
might be ready in rotation to keep up a steady supply t>f pro- 
paHy broken stone. They took many weeks to sink; headiogs, 
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of 180 feet. The different qualities of powder were sometimes 
mixed, to bring the strength near this effective standard. It waa 
delivered at Holyhead for about £55 the ton. 

There is an idea amongst quarrymen that it Is an advantage to 
mix powder with sawdust or quicklime', the former to divide 
the particles and cause them to ignite slowly, the latter to absorb 
any moisture. Both are erroneous notions; true economy is to 
use good powder, though for blasting it nmy be coarse grained. 

In the shafts a space was sometimesi left round the charge. 
Theoretically, I believe, this is of use in permittiog the expand- 
ing gases to aoquire momentum; but the space was so small in 
comparison witti the quantity of wi^b evolved from such large 
chaises, that it was practically of little use. The 50-lb. barrelB 
were poured iuto a deal box of the calculated size for the charge. 
A box 3 ft, 4 in. cube would hold a ton. Bags were at first 
used, but were discontinued, and the powder lav loose in the 
box- There was little fear from damp, as a mfoe was never 
charged till the day it was tamped and fired. Inside the heajr of 
powder was the bursting charge, which was a small bag of fioe 
sporting powder inclosing a piece of wood, in two nicks of which 
the wires from the battery lay, with a piece of platinum wire 
between them. When the circuit was completed in the battery- 
house this grew retl-hot, and fired the mine. 

The battery wires in the shafts had to be protected from the 
tamping fidling on them, and they were therefore laid in a 
groove cut in a batten placed up one angle of the shaft. At first 
a lerjgth of Bickford's fuse was also placed in this gnmve, iu cas« 
of the wires misfjing fire. This occurred so sehlom that the fuse 
was discontinued, it being cheaper to run the risk of noW and 
then having to untamp a mine than to supply them all with 
fuses. 

The wires from the Kittery-house were of copper covered with 
cotton-yam or gutta-percha; these were unrolled from a drum 

Fio. 6. 
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on the other hand, were driven in a much shorter time, and in 
this respect had the advantage. 

The blasting powder was kept in strong vaulted magazines, 
and was landed from the hoys wnile the men were at dinner, and 
the locomotives out of the way. It was delivered in small bar- 
rels holding 50 pounds each, or half a hundred- weight (100 lb. 
being the bund ral- weight of powder). One pound of powder = 
thirty cubic inches. The eti^ngth was tried m two ways; either 
by a gun, in which the recoil was measured ou a graduated arc, 
or by a small mortar elevated at an angle of 45°. One ounce of 
good powder ought to throw a ball vA 6d lb. weight to a distance 
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to the required length. A considerable portion was recovered 
from the heap of stone after the blast was over. The batteries 
were placed sometimes in a heading, sometimes iu a bombproof 
hut, according to circumatanoea, Thev consialed of earthenware 
celts, with plateg iu pairs of zinc and platinum, moistened with 
sand damped with sulphuric acid. The acid was thus economised, 
and kept from bt^ing spilt when the batteries were shifted over 
the rocks from one mine to another. 

Tamping a abaft gave little trouble; quarry debris, clay, and 
stones, were thrown down promiscuously. Headings required to 
lie tamped with greater care. The charge was generally built in 
for some feet with a dry rubble wall, and the remainder of the 
gallery rammed with a red clay found in parts of the quarry. 

The great shots were always fired after the usual small ones 
had gone off, on the hoisting of a red flag on the battery-house. 
If successful, there was little or no noiae; the column of rock 
was seen to heave slowly forward, and crumble to pieces amidst 
a cloud of dust and smoke. The " rooters out" were apt to 
make a good deal of noise; and sometimes, in spite of eyery pre- 
caution and care in the calculations, the whole mass was blown 
across the quarry, tearing up rails and stopping the traffic for 
davs. Very large lumps of rock were at times thrown a con- 
siderable distance, and these hail to be reblAnted aud treated aa 
separate rocks before they could be used. 1 have known a piece 
of 1000 tons thrown forward over the lines of rails. 

At the bottom of nearly every blast there was a "core" of 
solid rock in the heart of the heap, which had to be removed by 
small shots to prepare a fresh face for the next mine. This 
coi-e prevented any very accurate estimate of the quantity of 
stone yielded by a blast This could only be told exactly by 
counting the number of waggons which were loaded at that 
heap. The waggons were all weighed as they went to the break- 
water, and the contractor paid accordingly. The percentage of 
dirt varied, according to the part of the quarry and the heignt of 
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the iace of the rock, from ODe-sutth to one^tweatidth. The first 
6 £9et below the surface wiw uaualljr earth atid rotten atotie. 
All a mall atoaea and chippiogs were allowed to be deposited at 
a spot oa the shore of the harbour, to forai a beach iug gruuad 
for veaselsj but clay and earth were rua to spoil. For a short 
time after a blast there was some daaffer in approachlag the 
heap, owiDg to the foul air which hung about the stones. 

In entering upon the caJculatioDS u|>od which the charges of 
powder were based, it miiat be premmed that they were not to 
De relied on aa mathematically correct, but were the nearest 
obtainable in practice. An unforeseen joint or cnick, or some 
weak part of the rock arising either from texture or cleavage, 
would upset the best of Ct'ilculations, But still, in the generality 
of cases the charges could be regulated with very great nicety. 

Sir John Burgoyne^a general rule for amall shots is as fol- 
lows; — one-half of the cube of the line of least resistance in 
feet = charge in ounces; or what is the same thing, the charge in 
pounds ^ A^ of the cube in feet. This rule is sufficient for 
ordinary mining operations; but at Holyhead the desideratum 
ways not only to move the mass, but to bring it down thoroughly 
broken up, and fit for loading the waggons at oaoe. This the 
^ of the cube would not do» unless under the most favour- 
able circumslances. After much experience, the general rales 
determined apoa for Holyhead were as follows: — ^for ordinary 
shafts, from rw ^ To ^^^ ^^^^ *^^ ^^^ ^^^ ^^ least i-eaiatauce 
in feet — charge in pounds. For onlioary headings, i^^ of the 
same line cubed. In "rooters out" it wna found aeoessary 
to increase these quantities to -j'^ of , the cube of the line of 
least resistance. But it will be easily seen, that with the same 
line of least resistance » the contour of the rock, the position of 
the mine, or the height of the quarry, might very oonsiderably 
alter the work the powder has to do. With the same distance 
also from the face, the depth of the shaft, or distance from the 
top of the heading, might oe 30 feet, or it might be 130. 

It would be unreasonable, therefore, to base cidculationfl for 
mines of the size we are treatiug of upon the liue of least resis- 
tance alone. In small shots it alone may be considered, because 
these objections do not apply in the same degree as in large 
mines, and here the powder is generally in excess of what it has 
to do; but la o(>erations where tons of powder are in question the 
case is different. 

After a number of mines were recorded^ with their charges and 
produce, a check upon the general rule was obtaiued. The 
quantity of ruck upon which the powder would operate, and 
which the mine might be expected to produce, was determined 
beforehand. By a careful examination of the neighbouring joints 
this could be ascertained very closely. For a lower heading, 
where the powder does extra duty (being generally below the 
rails), I lb. of powder to every 2 tons of stone expected was 
allowed. When a top shaft was in question 1 lb. of powder 
oufiht to produce 3 tons of stone; the average over the quarries 
ofboth shafts and headings being 1 lb. of powder to £j tons of 
stone. The diflerenoe between the quantity of powder calculated 
in this way, and the quantity obtained with reference to the 
line of least resistance cubed, was the variable quantity, which 
was altered aocoixliug to the position of the joints, &o Half 
the difference was taken in onliaary cases. For example, in a 
lower heading, let the liue of least resistance = 30 feet; the 
height of rock = 60 feet; the average width of the column 
^ £0 feet; then taking this last check rule we obt<dn 

30-f- 50+60 _ 

Say 12 (the number of cubic feet to the ton) 
7500 tons of expected stone. 

7500 
A ad — T- = 3750 lb. ia the charge. 

Now, had we taken the line of least reals tan ce aa the only 
element in the calculation, applying the general rule for head- 
ings, we have — 

30* 

— r= 2250 lb. in the charge; 

Is 

ft difference of 1500 lb. less than by the other method. In prac- 
tice about one-hfilf this difference, or 7oO lb., would be added to 
the quantity obtained by the ^^ of the line of least resLstaaoe^, 
to enable the powder to do tne work required by the position 
of the head iug. The charge wculd therefore be 3000 lb., instead 
of 3750 by the one method, or 2250 by the other. 
The only remaining point now to be notioed u the coat of 



qaarryiiig on the large scale. This I am enabled to give from a 
very accurate estimate which was made in November 1855, from 
the pay-sheets for a week, during which the quantity quarried 
was 23,095 tons, of which 1165 tons wiw dtbrU, not deposited in 
the breakwater. This estimate includes quarrying, tilliug the 
waggons, and moving them clear of the face of the quarry. 
1. — Quarrying. 

Penc* 

Powder for hesdingi wad ihftfta . . .£260 8 10 ...... 2 SO 

Driving ditto , . . . 168 174 

Saperintendimce 4 ...4,. 04 

Total oort of quarrying 28,095 tons . . £441 8 10 4-68 

2.—FiUinff. 

Wag^ of fUloTB and gangers . . . 202 15 4 .,,,.. 2*11 

Quarrymen blasting large stone« , . . 75 10 ,][," 0*78 

Powder used by ditto . , . . 11 8 1 0-12 

Wsges of carpenters, flmitha, strikeni, point- 

boys, to<jlboj«, brakeemeii^ drivers of horses, 

plfltelayere, ami general laboureni . , 122 ft 2 ]'27 

Foremen » wftges - • . . , 10 4 ...... Oil 

Cost of filling waggons . . . . » 422 6 7 , 4-39 

Total cost of Btone quarried aiid filled, per ton ...... Z\.[] 8 97 

The miners' wages varied with the kind of work; in some 
narta of the quarry they gnt 25*. per foot run for driving a 
heading^ in others only 14*.; out of which they had to pay about 
2#. for the powder, fuses, &c. used in blasting. One man could 
drive fully l| foot per week; the average over the quarries being 
6 feet of heading for four men. Id one case four men only drove 
3 feet in a week, in another case as mnch as lu feet; a low 
average therefore is 5 feet. 

It is more than six years since I was at Holyhead, but I 
have no reason to suppose that the system of blasting has varied 
materially from what is recorded in this paper. 



DESCRIPTION OF M. MARIETTFS EXCAVATIONS 
AT GHIZEH AND SACCARA.* 
By Professor Donaldson. 
Toe lecturer commenced by observing that he thought some 
account of a two days' excursion from Cairo to the monuments 
of Ghizeh and Saccam might not be nninterestiug to the mem- 
benj of the Institute. He visited Eg}^pt very recently, for a more 
serious subject than merely making arcbitectund notes — ^he went 
npon a practical one for the covernment; and therefore he could 
only employ a few days of leisure in the pleasure of visiting 
some of t!ie ancient monuments of Egypt, of which he had read 
much, on which he had lectured much, and on which of coui-se 
he had thought much. If they would allow him, therefore, ho 
would give a brief descriptiou of a two days' joui-ney which ho 
had in going from Cairo to Ghizeh and Saccfim. Many present^ 
who bad not been in the country to which he referred, mi^ht 
perhaps not be aware that tlie donkey was a very useful animal, 
and that the journeys of travellers in that conntry were gene- 
rally made on the backs of donkeys, which were exceedingly 
intelligent and docile, and tuuk ^freat car© of their burden. They 
went about the pace of five miles an hour, and he had been in 
the saddle on a donkey^s back for ten hours a day, wiihout 
experiencing any very great fatigue; indeed he aliould have 
experienced more fatigue had he been on horseback for that 
length of time. Sometimes travellers availed themselves of the 
aid of dromedaries; and he knew a gentleman, who was educated 
at the Roman Catholic College in Lancashire, who went into 
the desert with a dromedary, possessed of only a few dates, in 
pursuit of botanical and other scientific studies. On leaving 
Cairo, travellers took their donkeys, drivers, and dragoman, and 
off they started from Modern to Old Cairo, which was situated 
at the distance of about a league. He was in the country in the 
month of December, and it was then as fine as the early aamnier 
in Eugland. The traveller went through Old Cairo, dismounted, 
got to the place for embarkation, went into the boat and crossetl 
the Nile to Ghizeh, passing the Nilometer, indic?iting whether 
the Nile rose to a csrtain height at a particular time, which had 
great effect upon the prospects of the harvest of the cxmntry. 
Near the Nilometer were some monuments of very great inte- 
- iLwl At ibt Jloyttl IjuUtvle of BrUUb ArehitocU, (Ki tlie IStH tUt. 
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rest. Tbe traveller passed over the river and got to Gbizeh, from 
whicb wfia denvcd the name of the pyramids iu the neighbouir- 
hood. Hnving crossed the Nile, the traveller got out of the 
boat or bari^e, agnia mounted his donkey, prissed thiYtugh various 
Arab vilhiges, and through gi-ovea of dftte-treea. All the while, 
after getting to Old Cairo, the traveller saw the pyramidra before 
liim, and as he advanced they developed themselves grndiially« 
over-topping all other objects. The traveller passed through 
fields and through groves of date- trees, and then arrived at the 
plateau of the rising bank of the rock on which rose the three 
great pyramids of Ghizeh. (The lecturer then refen^d to and ex- 
plained a number of sketches he had made on the 8pot^ represent- 
ing the appearaoce of the pyramids from a variety of poiuta of 
view.) The pyramids ro«e up above every other object near, and 
for twenty-five miles approaching from Alexiiudria towards 
Cairo they were always fieeo. Trie first moment he aaw the 
pyramida it seemed to realise the whole history of a vast period, 
and to form an ejx>ch in his life. Thev coidd easily imagine 
the emotions that ai'ose in the bo^m when first the traveller 
aaw the pyramida. Aft the plateau of the pyramids was ap- 
proached it was found that the villages were diatributed to the 
right and left. As the traveller got close to the n* arest village, 
or even before^ the Araba came to hini offering to be his guides, 
and of course he had likewise his dragoman along with him. 
And be does not grtidge the raone}' he pays (scnnctiiuos too 
much) to the guides who soon haul hiiti up to the top of the great 
pyramid. The great pyramid, us most of them might be aware, 
was cut oat of the solid rock. — The Professor then proceeded 
with hifl account of the 

Excavations at Ghwk and Saccara. 

M* Mariette, so well known for his researches among the anti- 
quities of Egypt, has for some years conducted excavations for his 
Kxcellency Said Fas ha, the Viceroy, and baa had the control of 
ttll the antiquities of this country. No diggings are allowed with* 
out a permission gnmteti through him. None of the fellahs can 
aell the smallest object, antler pain of a severe punishment, ex- 
tending, it is said by the Bedouin Ambs them$elvea» to ileath, if 
any article be offered for aale without haviug been first brought 
to him, to buy it if he chooae for the Pi\sha's collection. He is 
now carrying on excavations at the Ghizeh platform, Saccara, 
and Thebes, where gangs of Ai^abs are at work, under the direc- 
tion of their sheiks, with the slightest tool, anil even with their 
hands, casting the sand, the dirt, and rubbish, into small baskets, 
carrying it out of the trench, and depositing it at a short distance, 
blear of the spot This is a forced labour; each village in turn 
being obliged, as for other public works, to furnish and maintain 
its contingent without remuneration from the government. I 
observed that there were few grown-up people, the mass cons^f st- 
ing of young boya and girls, who appeared very merry at their 
work, one or two of them singing a Kind of couplet, constantly 
repeating the same words, the rest joining in chorus at the 
end, 

M. Marie tte ia very stringent with respect to any strangers 
taking memoranda, sketches, or dimensions, and it was as it were 
only by stealth, and as though I were doing something else, to avoid 
observation, that I could put together a tew notes of what I saw. 
In the illustrations thorefoi-e, tbat accompany my remarks, these 
difficulties must be borne in mind, and except when I give posi- 
tive dimensiona, very precise accui-acy must not be exjiected. It 
ia to be regretted that M Mariett© does not supersede such im- 
perfect data, by himself giving accurate descriptions of his most 
important discoveries. He has full knowledge of his subject, 
aptitude and felicity in knowing w^here to dii-ect his researches, 
and gr^t sucoesa has attended his labours, for the collection in 
the Museum at Boulak contaius many objects of the highest value, 
particnlarly those found iu the tomte. He ought himself to reap 
the full bene6t and credit of his investigations. But his delays 
ni^ unjust to himself and injurious to the study of Egyptian 
arch®ulogy; and he must not feel either displeased or surprised 
that a passing traveller like myself should seek to make known 
to bis colleagues, however imperfectly, some of the discoveries 
brought to light from time to time, and in which all Europe feel 
interested. 

I regret that I had not the advantage of seeing M. Marie tte 
while I was at Cairo, I calletl twice upon him at Boulak. He 
waa out both times; the first he had gone to GhLzeh with M. 
de Lesaeps, the second time he had just started on the Kile to pay 
a viiiit of iDspectioD to the operations carrying ou at Thebes, 



Tomb near the Great Sphin,v.'^M. Mariette has for some yeans 
been engaged in excavating a tomb upon the Ghizeh (piatform, 
within 100 yards of the Sphinx. This ttirab, like that of Camp- 
bell, is sunk in the solid rock, out of which it has been excavated 
30 or 40 feet deep. It assumes very much the form of a church, 
with a central aisle and an aisle on each side, separated by aquaiv 
pillars, with a transept at one end having a central line of 
pillars. There is a wide door at tlie end, leading into a kind of 
veatibule parallel with the transept, nearly as long, but only half 
as wide. In the vestibule there is a well of considerable depth, 
with water iu it from the Nile, At each end of this vestibule are 
doorways, one leading into a gallery still tilled with sand, the 
other into a wide passage running at right angles to it, the end 
also blocked up with sand. I should stjite that the whole of 
these iKirts have no roofing now, and are open to the sky. From 
the transept there are openings; that on the one side leads into 
three cells parallel with the aisles 1 have just described; they are 
about 10 feet high, and over them was n much larger chamber. 
The opening from the other end of the transept leads into a nar* 
row passage, also running pandlel with the nave and side aisles^ 
rising in an inclined direetinu, and being apparently the passage 
of entrance. On one side of this yiaasage, in the thickness of the 
rock between the passage and aide aisle, ia a chant ber; on the 
other side of the passage an inclined passage leadiug to an uppei" 
story, probably over the entrance pissage and the chnmber last 
noticecl. The inclined paastige is lined half its height with lai^ 
blocks of granite, and the other or upper half and the ceiling are 
lined with slabs of Egyptian alabastc^r 1£ to 15 inches thick. A 
specimen of this alabaster I brought away with me^ and it liea 
on the table. 

The piers dividing the nave and aisles are monoliths, 4 ft. 9 i»^ 
by 3 ft, 4 in., and 14 feet high, upon which rested longitudinal 
beams or architraves about 3 feet high; most probably on those 
rested the transverse beams forming the roof or ceiling. The 
walk were lined with blocks of granite of different tints, some of 
deep red, others approaching to gi*ey. I measured some of these 
as memoranda of the gigantic character of their construction, 15 
feet long by 5 feet high: 11 feet long by 3 ft. 6 in. by 5 feet; and 
others 3 ft 4 in. square on the face. The blocks in the angles had 
no joints there, but returned on the other face 2 or 3 inches^ of 
course alternately breaking joint with the blocks above and 
below. This must necessarily have causeil great waste of mate- 
rial and considerable additional labour- In the upjHir part, near 
the surface, I perceived some constructed walling formed of huge 
blocks of the rr>ck itself, laid in regular courses. As I did not 
meet with M, Mariette at Cairo, I was unable to ascertain what 
had been found iu this tomb, if any sarcophagus had been dis- 
covered, and the nnture of any other particulars brought to light. 

Before quitting the platform of the pyianuds, I will venture to 
mention two or three other points with which I was struck, In 
front ol the smallest of the three great py ram ids there was origi- 
nally a considerable court, with a dromos or avenue which led up 
to it. The walls are thick, and consist of blocks of the full depth 
of 6 feet, and in courses 6 feet high, l measured as the average 
length blocks 16 ft. 11 in., 16 ft. 9 in., 16 ft. 6 in., and 11 ft. 6 m. 
long, 

When the bases of the pyramids were clear of the sand, debris, 
and blocks, which now encumber them, they must have hiid 
large platfomis, the rock having been cut away to form the levet 
Consequently, at 100 or 150 feet behin<l the pyrtimida io the west 
tlie face of the rock gave a perpendicular height of 10 or 15 fent 
In the body of the rock tombs were cut, having doorways opening 
upon the platform. 

I found, on the lower part of the third pyramid, oourses of red 
granite, sevei^al blocks I'emaining in their orginal position, and 
having the appearance of bossed blocks, 3 ft. 8 in. high» 3 it 6 in. 
deep from front to rear on the upper bed, and from 2 ft 10 in. to 
4 feet wide; they were wedge-shaped in plan, so as to torm a key, 
and there was a curious angle-shaped channel on the face of some 
of the blocks lying about. The second pyramid was faced with a 
granite revetment in the same manner as tlie first. 

(The lecturer exhibited specimens of alabaster, mortar, and ba* 
salt which he found in Egypt. He next proceeded to give some 
account of bis journey to 8accara. Departing from Ghizeh, the 
traveller passed over the desert, with bis donkey, donkey driver, 
and dragoman, passed by a lake, got to a kind of mound ou whidi 
was a monument, advanced onwards and found other lakes, which 
were frequented by wild ducks, snipes, and other fowl, whidi 
sometimes afforded good sport luid were fouud very convenient 
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tot topper. The trayeller rose op in the desert aecenti and theft 
1a IoqikI a wild sequestered scene, hayinir firagments of mmnmiee 
ind bones^ and thns he passed on for mues to the village of Sae- 
oara. , The next mominff be was up before daylight^ had the 
donkey got mdj, and off they proceeded to examine the monu- 
ttents THiicli he was about to describe.) 

Serapehn qfMempMt. — ^The Bedouin village of Laxara, Sao- 
dwa, to in a direct fine about a mile or a mile and a half to the 
Weel ffom the site of Memphis. Up above the village, on the 
Igrbian range of hills, are several pyramids, with an immense 
q^aantity of tombs, ]yrovinfl; that this must hate been the pnn- 
eipal cemetery of ancient Memphis. The pyramids are crumbling 
away, still, however, retaining gigantic proportions; the nume- 
jtous moonds by which they are surrounded indicate oonstructionsf 
beneath, or the excavations of Arabs or travellers iu search of 
antiquities; and for miles the surface of the sands, which have 
ikseomnlaAed to the height of tens of feet above the rocky level, 
are strewed with fragments of mummies, blanched bones, and 
Other worthless fruits of the diggings of the curious; inspiring 
IbeliBgs of horror and disgust at the ruthless spoliation of these 
resting-places of the deaS. Strabo mentions as at Memphis, of 
which tnis plateau must have been considered to have formed a 
anbnrb or part, '^a Temple of Scrapie, in a spot," he says, "so 
Mndy that the winds fill it up ;" and in it he saw sphinxes 
embedded, some half-way, others up to the head. It would, 
therefore, appear that in ancient times the same agencies existed, 
and it could have been by constant attention alone that the 
areas and dronio of the temples could have been kept free from 
the accumulation of sand. Mons. Mariette had seen a dozen 
q»hinxes at Alexandria, and many at Cairo, brought from this 
part; and felt convinced that in this locality must exist the 
Darial place of Apis, or Serapeion, alluded to by ancient authors. 
He was engaged four years in his researches through the sand, 
in many parts 80 feet deep, and discovered the dromo, or sacred 
avenue, leading from the Serapeion of the Grecian times to that 
of the old Egyptian dynasties. The ceremonies connected with 
the god Apis were very peculiar. He was a white buU, marked 
with black spots; great care was used in the selection of the 
individual animal, that he might fulfil all the conditions required 
by traditional usage. He was kept in his sanctuary with sent* 
puloQs devotion, and not allowed to have food of too nourishing 
a quaUty, lest he should become too fat He was occasionally, 
bat rarely, brought out and exhibited to the worshippers. He 
was not allowed to live beyond twenty-five vears; arrived at that 
period he was slain, and his successor selected. They usually 
died at an earlier ag^; one is recorded whose death occurred 
when he was 17 years 6 months and 5 days old. It is said that 
jS20,000 were expended for funeral rites, which were of the most 
•nmptnous character. 

The Serapeion which I visited had its connection with the 
temple of Apis, and is situate on the slope of the hill, about 
hBJa a mile to the north of the great pyramid, and the descent 
to the present entrance is to the depth of some 30 feet or so below 
tfie genend surfieice of the sand. We first passed along a narrow 
gall^ about 45 paces long, then tumea to the left some 25 
paces, which led into the main gallery, 4 paces wide, and per- 
nape 15 or 18 feet high. The whole excavation is in the natural 
roek, which consists of a soft, friable grey stone, like indurated 
day, with seams of striated or fibrous ambtister, from half an inch 
to an indi deep, and about 12 or 15 inches apart The roofing 
of this gallery is semicircular in form, but the sides, up to the 
springing of the circle, are lined with courses of soft Thorah 
stone, in courses 14 inches high and 18 inches thick. Turning 
to the right down this wide ^ler^, sepulchral chambers pre- 
sent themselves on each side. I^othm^ can be more imposing. 
In the dark gloom of the excavations, Ughted only by the glim* 
mering flare of a wax candle or two, or by a few pieces of burning 
resinous wood, producing a doubtful gleam, these mortuary 
chapels-— on a lower level than the gallery, and into which the 
eye intentiiy gazed to catch sight of whatever might be within—* 
presented a gisantic sarcophagus in the centre, 11 feet high, 
IS ft 9 in. long by 7 ft 8 in. wide. Such at least was the size of 
the one I measured, although M Mariette records others from 
15 feet to 18 feet long, and 13 feet high. These enormous pro^ 
portions have a very impressive effect. They are of porphyiXi 
grey and rose granite, ana basalt The body of the one I direw 
waa 7 ft 8 in. hitfh, hollo¥red out to receive the mummy and 
oase. the skies and ends beintf left from lft2in.to lft5in. 
thick; the lid was 3 ft 1 in. Eighy and splayed off at the top. 



with A level uppM> sor&ce, 4 ft 10^ in. wide. Each saroophagusy 
withovit the lid. must have weiffhed 30 tons. Let na consider for 
a moment the labour employed to disenM^e such a maas firom 
the quarry, to transport it several hundred of miles fic'om the 
upper country, to cany it from the Nile up to the level on the 
side of the htU, and then to convey it along the galleries, and to 
raise and to lower it into its permanent position. One of the 
sarcophagi in the rough still remains near the main entrance, as 
though in course of preparation for the mummy of the creature 
god. The floor of these lateral chambers was 3 ft 9 in. lower 
than that of the nuun gallery, and the bottom of the sarcophagus 
was sunk some 3 ft. 6 in. below that The chambers varied in 
size, and were lined with courses of Thorah stone up to the 
springing of the vaulted ceiling, like the main sallery. One 
sepulchral chamber I measured was 25 ft 6 in. mm front to 
rear, by 16 feet wide in the clear between the masonry; others 
measured, between the rock, 25 ft. 8 in. by 12 ft, thus varving 
in size. There are only three which have hieroglyphics; those 
of the one I partiiulairly examined were not deeply chased, biit> 
rather thinly incised, almost in mere Hues, as it were, on the 
outside surface, and very few characters. For mysell I did not 
And any hienwlyphics on the other sarcophagi that I examined. 
I saw tw€^ty-nve of these chambers^ as shown on the plan, beyond 
which the ^^eries are encumbered l^ dSbris; but there are 
further continuations examined by M. Mariette, and I doabt not 
others are still concealed from view, containing probably other 
like stupendous sarcophagi. 

M. Mariette discovered these subterranean deposits of the dead 
in 1851, and found fort^ chambers. One of these sepulchral 
chapels remained intact just as it had been closed in the reion 
of Bameses IL, some 3700 years since, and containinff still the 
statuettes, vases, and trinkets usually deposited with we bodieay. 
but of which the other chambers had been despoiled. Many 
votive tablets exist, some inscribed with the names of Darius and- 
of Cambyses, the latter of whom pro£uiely wounded one of the 
sacred heifers, which, however, an inscription proves to have 
survived some years after that event I found a rudely-carved 
figure of a couchant lion in stone on one of the sarcophagi, 
4ft 8in. long, and 1 ft 10 in. high. 



TENSION BIBS. 

Iff our February number we promised to take an early oppor- 
tunity of laying before our readers an investigation of '' terukm 
ribif* somewhat similar to the analysis alr^y given of the 
action of the suspended girder. We now propose to redeem our 
pledge. 

It is some years since Mr. E. A. Cowper first suggested this 
ingenious contrivance for combining the economy of the sua- 
pension principle with the firmness of the girder. For ordinary 
chains he proposed to substitute girders, constructed in the same 
curve in which the chains would dispose themselves when the 
loading was equable, and of such depth of section throughout as 
to contain within their limits every line of pressure possible 
under any distribution of the rolling load. An equally diffused 
load, therefore, would subject the girder chain, or rib, to simple 
tension; the line of resultant tension in this case being every- 
where in (or dose to)^ the neutral axis: while a partial load 
would cause a tension the resultant path of which would some- 
times lie Ywj far from the neutral axis, although nowhere pass- 
ingbeyond either flange. 

The first point to l^ looked at seons to be this: what are the 
strains thrown upon a girder by direct tension, acting on it 

Fio. L 




at a certain distance from its neutral axis; and what kind and 
amount of reaction may we look for as the result f 



* Sinoe teUlMneiit mnal taks plMS^ tlw atitsil line of tendoaii 
^ BMrtnl Slit •! tte Ikalkptt. 
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. In Fig. 2, let ns sappose NA to be the neutral axis; the exten* 
tt?e force i (shown by the pair of opposite arrows ET), acting 
at the distance d from this axis. We may consider the nentral 
axis as passing through the centre of gravity of the section of 
the girder, so long as no part is subject to compreesion. 
, It is clear that the two flanges and Uie web of the girder must 
be in different degrees of tension. For if the tension were 
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equable throughout, the resultant would be exactly in the 
neutral axis. To give a reaction answerinj^ to the resultant 
shown in Hg. 2, the extensive forces must increase in energy 
from the^ upper to the lower flange, so that while their total 
amount is equal to t, their centre of gravity may lie in the 
Hue £T. 

To illustrate this by a diagram. If the tension t acted at the 
centre of gravitv g, the figure abed (Fig. 3), having a depth equal 
to the depth of the girder, a breadth everywhere proportionate 
to that 01 the cross section of the ^prder, and an area = t, would 
correctly represent the total tension on the girder; while the 
amount of reaction contributed by each portion from top to 
bottom would be accurately shown by cutting up the sur&ce of 
aibod into corresponding slices by means of horizontal lines. But 
if the tension t, instead of acting at ^, acted at some lower point J7, 
the diagram of tension would m reduced above g by the area afg 
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and would be increased below g by the area ceg, these areas 
being of equal extent, and each tapering to a point at g. The 
tension, thus altered in distribution but not in total amount, 
will then be shown by the figure b/ed, or the equivalent figure 
}ff^d!^ equal to hacdy and having its centre of gravity at dr. Thus 
the girder will be not merely stretched, but also bent, in conse- 
quence of the under flange stretching more than the upper. This 
bending shows a transverse strain. 

The reaction which opposes the transverse or bending strain 
may be considered as made up of the successive portions of ten- 
sion in exoesB or tension in defect, which compose the areas ceg, 
a/g, acting at their different leverages about the centre g. The 
defective and excessive tensions thus make up a virtual moment 
of inertia like that which attends the compressions and exten- 
sions above and below the neutral axis of a girder in ordinary 
cases. The only difference being, that when eveiy part is more 
or less in tension, the reckoning of this moment becomes all the 
more simple; because the neutral axis mil fall in the centre of 
gravity, and the difference between the elastic forces of oompres- 
mxm and extension has not to be allowed for. 

37feiiransvene strain caused by the tension I at the diatance d 



Qn feet) from the neutral axis, will always be equal to the pro-^ 
duct of t X the levers^ d. To save space, we do not go mt9 
the proof of this» which the mathematicfu reader will easily 
supply. 

. A wrought-iron girder under a mixed strain of this kind will 
be transveraely mora stiff than it would be under a simple strain. 
The reason being that the weaker elastic force (that whidh re- 
sists compression) is not brought into play at all, the whole dn^. 
falling on the stronger elastic force of tension. At the same 
time it has to be remembered, that there is an excessive tension 
on one or other of the flanges, owing to the combined effect of. 
thegenend stretching and the transverse strain. 

We may now pass on to the more general question, as to what 
action takes place in the tension rib when the load is unequally 
distributed, and the line of pressure does not coindde wita thia. 
neutral axis. 

Since the rib is at once chain and girder, we must separate 
the functions which it simultaneously discharges, so as to get a. 
dear undentanding of each in detail. It is only in this way. 
that we can gain any real insight into the complex action in 
which both are combined. 

So far then as the chain-action of the rib is oonsideredy wa 
must altogether set aside the notion of rigidity, and reason as we, 
should do of a perfectly flexible chain. So fair as permanence of 
form results from rigidity, it is the secondary, or girder-action 
exdusively, that we have to consider. 

As a chain, then, the form of the rib is such as demands an 
equal distribution of the load to insure equilibrium. The hori- 
zontal strain will be uniform throughout, and the resultant 
tension must be transmitted invariab^ along the nentral axis, 
no bending strain existing anywhere. 

As a girder, the inflexibility o£ the rib effects the equal diffu- 
sion of a partial load, thus satisfyinff the conditions for the equi- 
librium of the chain. In doing wis dutv the rib undeisoea 
transverse strains; these are to be measured, at the points where 
they occur, by the vertical distance between the neutral axis and 
the line of pressure, multiplied by the horizontal strain. 

Thus analysed, the tension rib is seen to be simply a special 
form of suspension girder. As we have on a former ooeasion- 

Sone somewhat fully into the general theory of suspension gir- 
ers, we need now only consider what is distinctive in the tension 
rib. In brief^ therefore, there appear three points to look at. 
Furst, we have to examine the way in which the deflection of a gir- 
der is affected by making it curved instead of straight; and thus 
to determine the wave of the tension rib. We shall next consider 
the intensity of strain thrown at certain points on one of the, 
flanges, owing to the rib having to do two duties in one. And- 
Ubuj, the saving of material on the one system, compared with 
that on the other. 

First, then, what will be the difference between the deflection 
of a girder of curved outline, and that of a straight girder, the- 
horizontal span and other essential points being the same in the 
two cases? 

Suppose AB, in Fig. 4, to be a girder with its ends supported 
on a level at a span = e, and let tne load W cause in it a deflec- 
tion=d Suppose CD to be another girder of equal rigidity, and 
the same dear horizontal span, but of a curved outline, and 
therefore of course longer than AB. It seems at the outset 
reasonable to expect that W will cause somewhat more deflection 
in CD, on account of its greater length, than it does in AB. For 
if we take a straight girder. £F, of the same section and the same 
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horizontal span e, but fixed slanting, so that the span measures I 
on the dope, we shall find the vertical deflection under the load 

W increased from cf to dx- •* This shows that for a given 

* The bending sfcnins being the nine in the two cMei» £1 viU bend into a& era 
haviif s ngItU a 4x ja : snd the Ttrtical deOwtioo tx ngitU X J a 4 X -• 
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iMtriaontid span the defleetion will increase with the increase in 
length eanaed br raising one end of the eirder. In other words, 
the vertical defleetion of the girder EF is as the secant Of its 
angle of inclination with the horizon. The same principle applies 
to the curved girder CD. but as the inclination here is not the 
nine at any two points, but undergoes a gradual change, we are 
obliged to give the result in a form not quite so simple. It is as 
follows: let * and v be the co-ordinates or the curve of the girderj^ 
# Hie ordinate of the curve of deflection, k the coefficient of flexi- 
bili^ of the girder at the point (j?, y), and m ti^e moment of 
itraui. Then, as is readily found by analysis, 



S=\/^+(th>^ 



On the other hand, in the horizontal straight girder AB, 

IVom oomparing these two equations we can very well see that 
emterii parUnu the curved girder will deflect in a different wave 
fit>m that of the straight ginier, and to a greater degree. But if 
the flexibility of the curved girder is diminished at each point in 

the ratio 1 : i . .a • the wave of vertical deflection will 
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beoome exactly the same as that of the straight girder of uniform 
■ection. 

Now in the curved girder which forms the tension rib in Fig. 1 
we may take this to be pretty near the truth. For the area of 
the flajiges should be gradually enlarged to meet the increased 
tenabn which comes upon the upper portions of the rib: and the 

tension would increase in the ratio 1 "•A/ l+( j') • In a rib 

thna constructed, if K were the coefficient of flexibility at the 
lowest point, and m stood for the actual bending strain at the 

point {«, y), we should have -^ = Km, from which it follows 

that z will be the same as in the common uniform girder of the 
flexibility denoted bv E. 

^ The deflection, and the compound wave, therefore, of the tension 
rib, including the correction tor stretching and consequent settle- 
ment, will be altogether the same as those of the oommon sus- 
pended girder; provided the flanges of the rib are everywhere 
proportioned to the tension they have to sustain. Let us for 
mstanoe take the case of a rolling road of 200 tons, covering half 
the span. The neutral axis being in the curve of equal loading 
(which will be a parabola), the line of pressure* will fidl below 
this curve at the loaded quarter-span, just ns much as it rises 
above it at the unloaded quarter-span; showing a downward or 
upward bending strain at either point, snch as would be thrown 
on a common girder of half the span by a distributed load of 100 
tons. The other strains at points on each side of either quarter- 
span (as found by measuring the vertical distances between the 
hne of pressure and the neutral axis), will be seen to group them- 
selves in pairs, and to be equal to the strains at the corresponding 
points of the common girder just referred to. Consequently, the 
depression of the loadd half-span and the .rise of the other half- 
span will be equal, before the effect of stretching is allowed for; 
the tindnlation being in each case similar and equal to that of an 

unsupported girder of a span = -^ , carrying a distributed load 

of 100 tons, and having K for its coefficient of flexibility. 

But inasmuch as the tension rib, being calculated to discharge 
the duty of both chain and girder, must be very much more 
massive than the common suspended girder, will not its rigidity 
be much greater; and may not the undulation be therefore ex- 
ited to be &r less in the former than in the latter kind of 
bridge ? 

Before answering this question, we have to take one or two things 
into account In the first place, where strains are unequally dis- 
tributed between the two flanges of a rib, it is of course the severest 
partial strain, and not the mean strain, bv which the strength of 
the entire section is limited. Thus, if we think it prudent to 
■ ■ 

* The Um of pnrnv, dmimIj, which meeU the neniral luds at the pointe of siuneii- 
iJOttjMid siMst the hAlf-qpni. After teMleiiMnt, the line of pnssure takes a lower 



keep the tension on rivetted plates at every point below 5 tone, 
per square inch, and if the direct pull averages 3 tons per 
inch, the bending must nowhere be more than would throw 
the added strain of 2 tons on Uie lower flange. Now, when 
any part of the rolling load comes on the bridge, the rib must 
stretch, and take a proportionate settlement It follows that 
the rib must be so shallow that the bending which accompanies 
this settlement, and the transverse strain produced by the partial 
load, combined, shall nowhere bring a strain of more than 2 tons 
on the lower flange. It is thus actually uecessaiy to avoid 
making the rib too stiff, and therefore, although the flanges are 
greater, the depth of section must be less than in the suspended 
girder; so that it is by no means certain that the undulation 
would be much reduced by employing the rib, except so far as 
the greater stiffness of wrought-iron in tension (already referred 
to) affects the result 

In conclusion, while it is beyond a doubt that the tension rib 
is thoroughly adapted to answer the purpose of a rigid suspen^ 
sion bridge, and that as compared with a common girder bridge 
it would very greatly economise material, it is far from being , 
equally clear that the arrangement is such as to gain the end 
desired at the least possible cost In two respects there is a 
saving in the rib. Krst, in the increased stiffness of wrought-iron 
in tension; and secondly, in the saving of the web of the suspended 
ffirder. As to the latter point, however, some abatement should, 
be made, because for a railway bridge there would always have 
to be some longitudinal platform girder, although it need be but 
a light one when suspended from the rib. But in some other 
respects the material does not seem so advantageously dis->. 
tributed in the tension rib, as in the combination of chains with 
a suspended girder. In the hitter arrangement the transverse 
strength of the girder is fairly brought into play, without a pre- 
ponderance of strain on either flan^; while at the same time the 
tension on each link of the chain is uniformly diffused over its 
section. This equability of strain seems conducive to strength 
and economy in the suspended girder: whereas in the rib the 
strength of the whole is limited by the intensity of partial strains 
on one flange. As regards the cost per ton of a ti)iler-plate rib 
as compared with foiged links and pins, any advantage the for- 
mer might have in this respect would be likely to be fully 
balanced bv the greater tensile strength, and consequent saving 
of material, in the latter: not to go into the question of wire 
cables, which have lately been so strongly recommended by some. 
Again, the weight of the entire rib is increased by its curved 
fonn, coupled with that increase of section from the half-span to 
the towers, which we have seen to be necessary. Now, although 
it is just the same with the suspension chain, the straight form 
of the suspended girder rids us so far of a quantity of material, 
not perhaps veiy great, but still worth the saving. In the last 
place, the suspended girder can be adjusted, or, if thought desir- 
able, forced to a camber, by tightening the rods; which cannot 
be done in the case of the rib. 

At the same time, although the balance of advantages seems 
to our judgment in favour of the suspended girder, the tension 
rib is well worthy of careful consideration. In any case where a 
large railway-bridge has to be planned upon the principle of sus- 
pension, a thorough practical examination of the details and cost 
on the one system and on the other, and a comparison of the 
results, would be pains well bestowed. 



BEYIEWS. 

On the Coruttriicthn of Horse RaUwaye for Branch Lines and for 
Street Traffic, By Charles Burn. — London: John Weale, 
1860. 

The traffic in the streets of the metropolis has increased 
lately to such an extent, that the attention of professional men 
has been directed towards this evil. There has been no want of 
suggestions for remedying it. Of the schemes which have been 
proposed with this view, and brought under the notice of the 
public, there are two which deserve consideration. The one 
proposes the construction of a railway from Westminster to 
London-bridge, or near to it. This railway is intended to run 
along the banks of the Thames, on an embankment, and to esr 
tablish a direct intercourse between the City and the West-end, 
near the river, — thus relieving the main thoroughfares between 
these two points. The other plan which has been suggested for 
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obviating the evil is a proper organisation of street tramways. 
It is the oonstmetion of the latter, and their general application, 
which the book of the above title considers. 

It is supposed that if a more rapid and convenient transit of 
passengers were organise<l, a greater space would be aforded to 
the free passage of private and other vehicles. The introduction 
of street railways, tnen, would dispense with a great number of 
omnibuses, which now obstruct and often totally block up the 
streets of London, and would therefore remove one of the chief 
causes of the evil 

The object of the author however is not only to advocate the 
construction of horse-tramways for the streets of cities, but also 
for the high-roads and streets of the country. It is further to 
point out the advantages of such railway system for agricultural 
and mineral districts, as well as the construction of branch lines 
to small towns and villages, in order to form a direct communi- 
ckition of the latter with the existing railway lines of the country. 
With respect to the latter, he observes, that landowners who re- 
side in aistricts from 10 to 20 miles distant from a railway 
station, are placed under great disadvantages compared with 
those-in the immediate vicinity of a railway. The former have 
to pay at least ten shillings per ton for all goods forwarded to or 
from the railway, and find it accordingly difficult to compete 
with those who are placed in this respect under more fiivourable 
circumstances. 

From the data brought forward by the author of this pamphlet 
it appears that the system of ordinary railways in Euffiand may 
be considered as completed. He shows that railways have been 
ck>nstructed too rapidly for our requirements. He maintains 
that locomotive railways do not answer for the convenient transit 
6f goods and passengers between short distances and branches. 
The reason for this will be found in the established principle 
that, in order to work locomotives economically, their minimum 
speed should not be less than 25 miles per hour. But frequent 
stoppages, which would be indispensable for the accommodation 
of passengers, would prevent the attainment of such speed. 
Unaer these circumstances, then, the author proposes the adop- 
tion of tramways on ordinary roads. The existence of roads 
already provided with bridges, cuttings, drains, culverts, &c.y 
facilitates their construction, and would considerably diminsh 
the first outlay. As the motive power of traction, the author 
proposes to retain the use of horses, as in this case we can 
more conveniently adapt the required power to the weight to be 
transported. 

Mr. Bum next refers to the application of tramways for the 
conveyance of passengers in the streets of cities. Street tram- 
ways have been introduced in the chief cities of the United 
States, and have proved to answer the intended purpose very 
iraccessfully. Of the cost, earnings, and other statistics of the 
latter, a very detailed statement is given in the pamphlet These 
particulars no doubt will be very welcome to those who are 
interested in the construction of street railways. 

In the following chapter the author offers some valuable re- 
marks on the construction and cost of this description of per- 
manent way. He enters into a lengthy discussion respecting 
the width of gauge to be adopted. Many arguments have been 
advanced with the object of determining this important ques- 
tion. It is maintained by some that the gauge tor these rail- 
ways is not necessarilv reaoired to be the same as that of our 
ordinary railwa3rs. This determination would necessitate invari- 
ably an unloading of the goods when joining the main line of 
railway, and thus incur an extra item m the expenses of trans- 
port. The conclusions arrived at by the author, after a careful 
deliberation on the advantages and disadvantages of a narrower 
gauge or one of the same width as the existing railways, are, 
that for a country road a gauge of 3 ft 6 in. would be sufficient, 
while for street railways a gauge of 4 ft 8^ in. would be pre- 
ferable. 

Passing over the practical construction of the railway, we come 
to the cost of its exeention. Under this head we find a Keriea 
of estimates. They refer to the line proposed by the French 
engineer, from Clermont to Riom, in the department of Puy de 
Dome. The weights and prices are reduced to the English 
standard, and may be of some practical value to the interMted. 
The pamphlet is furnished with plates exhibiting a great variety 
of raib and sleepers^ as advocated by the author and others. 



On ffeai, in its relatiam to Water and Steam: embraehg nem 
views qf VaporieaHon^ Condensation, and Sjspiosiens, Br 
Chas Wtb Williams, A. LC.£«— London: Longman* 1800. 
[Third notice.] 

The anthor continues to test the remainder of f&e theory of 
the heating and expansion of water, with which oar last notice 
concluded. Although it has been said that water nndeiyoes an 
expansion by being subjected to the influence of heat, Mr. Wil- 
liams disproves this assertion. It is not upon hypotheses or 
inferences, but upon a close observation of facts and on carefully 
conducted experiments, that the conviction was based Which 
induced him to dissent from the views of those who have gone 
before him. To the question, '*Does water admit of expansion or 
not 7" we give the answer in his own words: — 

" If water were a body to be dealt with in bulk, as a ball of iron or 
lead, and capable of receiving and conducting, from atom to atom, soo- 
oeenve increments of heat, without any change in its status of liquidity, 
we might in such case correctly infer its expansion. But water, or 
indeed any liquid, has not that power or p roper ty of oondoction among 
its constituent pariides as metals or solids have^ and conseauently ia 
incapable of expansion in the sense of such bodies. Besides, neat^ tbaiS 
invisible and imponderable agent, knows nothing of the mass or con- 
tents of the vessel It deals only with the individual atoms of which 
the mass is oomposed, whether liquid or solid, and with which it comes 
into contact. When also we consider how nature in its wonderful 
economy i4>portionB the combining volumes, weights, or other properties 
of matter, there can be no di s proportion between atoms of liquids or 
solids and units of heat Their union is but part of the immutaole law 
of nature, stamped on matter of all kinds. Each atom has not only its 
speotfio duty to perform, but the faiculty of performing that duty; noo0 
will be tried and found wanting. The power of the wmd is bat the sum 
of the powers inherent in each individual atom. So of the waves; or a 
crowd of human beings. Pressures or power in the mass, is thea but 
that of accumulated individuals or atoms. It is to these then, and their 
respective properties, that our inquiries should be directed. 

As water, or its constituent partides cannot undergo any change^ 
phyiioal or dynamical, without some sufficient cause, liquid particles at 
the temperature of 32* must continue at 82* until they have each re- 
ceived their equivalents of beat, by which they lose their status of 
liquidity, lliey are then, however, no longer liquid atoms, -^they are 
abeolute atoms of vapour. On what grounds then can we say that liquid 
atoms are heated and expanded, and still retain their liquid form and 
properties? Such an hypothesis would be contrary to the eridence of 
facts. To say that water can be a recipient of heat, or be expanded, 
while it retains the liquid state and is also a non-conductor of heat, 
would involve a physical solecism, irreconcilable with reason and oom- 



As a summary, then, on the heating and expanding of water, 
we quote the following conclusions arrived at by Mr. Williams >--> 

"1. That water, or other liquids, being incapable of compression, are 
equally incapable of expansion. 2. That water, being a non-conductor of 
heat, must also be a non-recipient of it. 8. That as it cannot be heated 
or expanded and still retain its liquid form and propertiee, it cannot be 
thermometrically affected. 4. lliat its enlarged volume is attributable, 
not to any measure of expansion as a liquid, but to the presence of 
vapour in it in the state of an elastic fluid. 5. That this ooixiition is in 
entire accordance with the recognised laws of all dastic fluids. 

The respective properties of Hqoid and vi^rous atoms, as regards 
the diansee they undergo by heat from the liquid to the vaporous state, 
may be Uius described: — 



UQUID ATOMS. 

1— Gravity. 
2— Latent heat. 
8— Mutual attraction. 
4— Mobility, inter je. 
5— Non-conductibility. 
6 — Inoompressibility. 
7 — Inexpusibility. 



VAFOUB ATOMS. 

1-^Orarity. 

8 — Latent and sensible heat. 

8 — Elnlarged volume. 

4 — InoTBMed temperature. 

6 — Mutual repulsion. 

6— Di£Pusion or divergenoe* 

7 — Oonduotibifily. 

8 — Compressibility. 

6— ExpanribiUty. 
10— Electricity." 

In the next section of his book Mr. Williams pursues the 
changes arising from the communication of heat to water, until 
the latter arrives at the state of ebullition, and finally at the boil- 
ing point. We cannot but express our admiration of the truths 
ehoited respecting the formation of vapour and its relation to the 
water. The constitution of the matter of water in reference to 
beat and temperature, the temperature of water and the tempe- 
rature of vapours considered respectively, the unit of heat, and 
its meaning aa rsgards tha atoms of water and vapour,— these 
are the points diacosaed in this chapter; The great ovmight to 
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.which the author draws attention here is, that water — in looking 
lor the results of heat applied to it — has too frequently been con- 
sidered as a mass, similarly as we would treat a solid body in 
connection with heat, and not as an aggregate of molecules or 
atoms. Mr. Williams says — 

"Jn ithistration of the theory of unity, or units of heat being sufficient 
for the seneiation of Tspour, let us suppose a sheet of paper contaimng 
the imiuleBt possible quantity of water, say in the state called damp. 
That quantity must stiU however be regsjrded as an attenuated sheet of 
liquid atoms. If the paper be then exposed to the air, at a temperature 
but a single degree in advance, these atoms will nevortheless be subject 
individuid]iy to the same process, and receive their respective equivalents 
of heat, ud be converted into dtoms of vapour, as if they had been por- 
tions of a large mass of water. Each, then, will also become as true 
and complete an atom of vapour as if it had been generated at the 
boiling point. 

What, then, may be p.sked, is the quantity of heat which a body of 
water could receive and absorb, while still retaining its Hquid form ? Can 
it be more than that which its atoms had respectively received on being 
changed from the fixed state as ice to that of liquidity t If so, we are 
not warranted in assuming that water, or the unvaponsed portion of the 
mass, can have any free or sensible heat; in a word, that water cannot 
be tbermometically heated or influenced so long as it retains its status as 
a fiquid. Why, then, look to it for that sensible heat which influenced 
the thermometer at 212°, or any other figure, seeing that the vapour, 
^continuously formed and retained in the water, supplies an ample and 
legitimate source of influence, and that this view is at the same time 
consistent with physical appearances. 

The oversight which so universally prevails consists in looking in the 
wrong direction for the results of the neat applied: first, in assuming it 
to be chemically combined with the body of the water, instead of with 
those only of its elementary atoms with which it comes into contact; 
and secondly, forgetting Dalton*s well established law, that vapours, as 
-elastic fluids, are but mechanically mixed with the liquid medium in 
which they may happen to be. 

In neglect of these two all-important considerations, we look to the 
body of the water in its liquid form, as the chemical recipient of the 
heat, in the veiy face of the vapour which we see mechanically discon- 
iiecting itself from the water and thus carrying away that heat. 

Water, then, in the liquid state, and at all temperatures, mUst be con- 
sidered as a mechanical compound of liquid and vapour particles. So 
also the boiling point,, and the temperature of 212°, must be considered 
without reference to the water, but rather as irrespective of its presence, 
as if it had merely represented a vacuum." 

Having so &r traced the process of imparting heat to water, 
and wat<med the results as to the formation of vapour and their 
repellent property, we next proceed to note the effects of a 
continued application of heat to water, that is, the state at which 
the atoms of vapour in water are in excess of saturation, as Mr. 
Williams very properly calls it, or the state of ebullition. This 
state will be reached when the repellent force of the vapour atoms 
inter Me balances the converging pressure of the water surround- 
ing them, for as soon as this self-repellent force of the vapours 
bc^mes greater than the force whictx retained them, they neces- 
sarily become disengaged from the surrounding medium, are 
aggregated in their progress upwai'ds, and escape to the surface, 
where they explode, — hence the phenomena of ebullition. Re- 
specting this state the author remarks: — 

"This point of saturation, commonly called the boiling point, will 
then be determined solely by the quantity of vapour present in any given 
space; in water it takes place when that quantity indicates the tempera- 
ture of 212"* Fahr., in alcohol 176°, in sulphuric acid 630% and in mer- 
cury 660°. 

Let it now be assumed that 1000 atoms of vapour, in any given space, 
is the saturating quantity in water; until that quantity be present theve 
will be no tendency towards these groupings, and consequently there 
will be no ebullition; nor, even though the required quantity should be 
present, unless there be some motes, points, or foreign matter present. 
To this alone is attributable the fact of the temperature of 220** and up- 
wards being reached without ebullition, bubbling, or any disturbance or 
noise. 

Some experiments may here be described as aflbrding demonstrative 
evidence in support of these statements, viz. — Five pounds of well-dis- 
tilled water at 60° were put into a perfectly dean bottle, with a ther- 
mometer inserted in a cork, as in Fig. 1. A small hole, |-inch wide^ 
was left in the cork to allow the air and vapour to escape, and prevent 
any extra pressure. Through this hole also any foreign matter may be 
introduced. An Argand burner being phiced under ^ bottle, and the 
temperature raised to 212® or above it, and without ebullition, iJie water 
may Umq be said to be saturated with vapour. In this oaee the water, 
aocording to Dahon*i law, will be merely acting the part- of a vacumn 
for the vapour or water gas. 

To test the presence of the vapour and the fact of saturation, let the 
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end of a fine rod or tip of a feather be introduced through the hole in 
the cork, as shown in Fig. 1, and pushed down just below the surface 
of the water. The presence of an excess of vapour will then be ascer- 
tained by its rushing into 
contact with the object 
introduced, around which 
groupings of vapour atoms 
will be formed, and collect 
in bubbles on the surftbde 
of even a large size. On 
pushing the rod or feather 
down into the water, and 
even to the bottom, theM 
groupines wiU be increased 
in number and size, as 
long . as there remain any 
vapour in excess of sate- 
ration. So soon however as 
that excess is discharged 
the temperature will have 
fallen to the saturating 
point, or 212**. * 

Mr. Williams next 
adduces sufficient proof 
that the phenomenon of 
ebullition bears no re- 
ference to the i^enera- 
tion of vapour, in fsict, 
that this phenomenon 
is quite accidental, and 
assisted by foreign sub- 
stances introduce into 
the water, where they 
act as nuclei for.tl^e 
grouping or aggrega- 
tion of the vapour- 
atoms (probably by elec- 
trical influence) ; fur- 
ther, that vapour is 
contained in water long 
before ebullition be- 
comes visible. He also 
explains the spontane- 
ous generation of va- 
pour by introduction 
of some heated body into the water. This phenomenon he illus- 
trates by a series of beautiful experiments, convictive of the fact 
that ebidlition is nothing more than the result of the aggregation 
of myriads of vapour previously formed. 

This vapour must have been fonned in the water. The exis- 
tence of vapour in the water has been denied by other writers 
on the subject. The author, of the present treatise however ar- 
rives at a different conclusion. He thinks it strange that the 
fact of a great quantity of vapour escaping from a body of so- 
called hot-water when poured out, should not have suggested its 
previous existence, .^d when we reflect that without such 
separate existence of the vapour in the water its volume could 
not have been augmented, that the repellent force or divergence 
of the atoms would have been arrests^ and its elasticity de- 
stroyed, it must appear still more strange that this idea has not 
suggested itself. Are we therefore to believe that under the 
above circumstances these properties have resumed their exis- 
tence, or that they have been suspended in each atom of vapour 
fh>m the moment of its generation until the moment of its escape. 
Or that these vapours, instead of being formed at the bottom of 
the vessel near tne source of heat^ were generated at the sur£tce 
when coming in immediate contact with the colder atmosphere? 
la the estimation of the author such results would be anomalies 
neiUier to be recondled with &ct nor with the evidence of our 




The following simple experiment will confirm our belief of the 
presence of vapour in water. Supoose a glass bottle to contain 
a certain quantity of water, say 4 lb. at 00^ Fahr. Suppoee, fur- 
ther, this bottle to be hermetically dosed by a cork, through 
whidi a thermometer is inserted into the bottle, so that the 
temperature of its contents mav be easily observed. By plunging 
this bottle into a bath of boiling watei^ and thus raising the 
temperature of the water it contains to 200% the latter will ex- 
pana and rise above its original level On removing the bottle 
from the Imth, and allowing it to oool by radiation, Uie level of 
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the water wiJl retuni to where it was at the commencement of 
the expeninent, Ad aoon as the thermometer mdicates the iuitinl 
tmnpeniiure. Here, then, we have no loss of weight of the 
water, and all the heat communicated to it t<j raise its tempera* 
ture to 200* was parted with again by radiation. 

The quantity of vapour formed in water by raising it to a 
higher temperature will be observed in the following experi- 
ment. Take the same bottle aa in the former experiment, with 
the same qiiantity of water in it After having raised iU tempe- 
rature to 200"*, remove the cork and thermometer, and pour it into 
an open vessel or diab* Aa aoon as the temperature of the water 
has fallen to 60^, replace it into the bottle. The level of tho 
water will in this instance be considerably below the original 
level, and on weighing the water it will be found to be reduced 
nearly 7 oancea in weight, or about 12 cubic inches in volume. 
There can, therefore, be no doubt that this deficiency was con- 
verted into vapotir, and escaped into the atmosphere when at 
liberty to do so. 

In proof of the existence of vapour in the water, as well as of ita 
great ascending power, the following experiment is conclusive: — 

''It id true, aa Dr. Koblaon observed, 'an expeiiiDieat cloea not establish 
a geueral propi>»itioii, and uev.ir can du more than provci a particular 
fndiV The proving a fact, however, is a 
dectdcni Btep in actual progreaa, and ena- 
hh€ UB to draw inferences and illustra- 
tion« which^ leading to other faobs, bnngs 
as ulihnatcdy to absolute demcmatraitnou. 
Into a glaea beaker put m much pounded 
coal at will fill It to a depth of 3 or t 
ixiohti*. Pour into it as much boiling water 
ss will De.irly iiJl it. Lei the flame of a 
apirlt. lAiup lie then f>Iaoe:d beneath, &nd 
tijijchijig the centre of the bottom. The 
rcBitlt will bo that the globulea of vapour 
on Wing formed, wiU rise vfith such 
rapidity ss to force their way through 
tbemoM of coal, and project it high in 
the water. This experiment^ so unlike 
any that have been referred to by pre- 
vious writeri, ibowfl bow fat we still are 
from having a ooireot view of the union 
of heal with the element of water. This 
•xperimsitt, tbough it mav only prove a 
single fact, leads irresistibly to the fol- 
lowing conclunons — matudjf first, tbe 
ah^< : ' I'jooe of vapour in the water; 

atrc i-mation of globules, or sg- 

gr<r:^.»Lr.- 1 iliat TSpour;" and third, the great aBcensional power of those 
globules*" 

As the above theory deviates considerably from those promnl' 
gate<l by other writers, especia^lly by the Comte de Paiubour, the 
author thinks it no more than just to examine those theories. 
After having pointed out the erroneous conclusions derived by 
those writers, not so much fitim direct experiments as from 
matiieraatical deductions, Mr> Williams goes on to treat of the 
reconversion of vapour into water, or condensation, as it b 
commonly termed. 

The supposed cause of the process of condensation is, that 
vapours, wnen coming in contact with a cold substance, part 
with their heat and recover their original state, water. An 
illustration of this process we find in the condensing steam- 
engine. It is in this case supposed that the steam, rushing by 
virtue of its elasticity into the condenser^ and there meeting with 
a stream of cold water, is reconverted into the liquiil ©t;ite. But 
it is the object of the author to prove the fallacy of this suppo- 
sition. He argues that, if the contiict of water with vapour were 
sufBcient to reconvert the latter to the liquid state, vapour could 
never be generale<l, nor any dynamical force be derived from its 
elastic or repeJlent properties. For it is evident, that the in- 
stant an atom of vapour were formed it would be instantaneously 
reconverted into the liquid state by the surrounding nmss of 
water. From this argument, then, may be drawn the inference 
that water aa well as other liquids cannot be considered as sub- 
stances to which any heat can be imparted. Heat, therefore, 
cannot be received, as it were, by a liquid mass; as the particles 
composing it are susceptible to changes in their statical and 
electrical condition, and these changes are ejected by union with 
more or leas heat Tlie process of ct>ndensatian as it takes place 
in the condensing engine, may therefore be explained in the fol- 
lowing manner* The volumes of vapour when entering the eon- 
deiiiier, and encountering there a jet of cold water, are compressed. 




Here the particles of vapour are held in bond by the surround- 
ing medium of water, and prevented from fully displaying their 
ehyjtic farce. The vapour remains in this state until expelled 
to the atmosphere, or until it parts by contact with a cold body 
with its heat, and thus regains the liquid state. 

Mr. Williams next considers, how the vacuum in the con- 
densing engine i^ fomied. Since condensation, in the true 
meaning of the term, cannot take place by a mere contact of the 
vapour with a Jet of cold water, there must necessarily arise the 
question, how the vacuum is produced in the cylinder, and what 
id the cause of such being indicated by the barometer ? Mr. Wye 
Williams says — ♦ 

** In the first plaoo, the rush of the steam into the cxwidenser, by virtu© 
of its exp&QBive property, would, as described by Watt, at once reduce 
the quantity in the cylmder by one-half, mupposing they were of equal 
capacities. Ab however the usual proportionii ana for the oondeni«er to 
he but Ijalf tlie Bize of the cylinder, the reduction of volume wocdd 
only be one-fourth of that in the cylinder. 

Secondly, the cold wnter, by the mode of ita Injection, being Bpreiul 
and daohed Against the inner eiirface of the metslBe condenser, the Utt^r 
neceflsarUy becoming cold acta the part of a true Bnrfaoe condenser, in 
the same way aa if the water had been mode to act Against its outddo^ 
ss in the still. Thua an absolute convereion of the steam into water is 
efiected, and an ab&olute pro tanto vacuum produced, in propc»rtion to 
the extent of the available eurfnce^ and it« reduced temperature. Had 
the inside fturfaca been gufficientty extended, and cold enough, the en* 
tire uf the Btcam would have Ijeen condensed ^ and a perfect vacuum 
formed. Practically, however, but a veiy moderate portion of the steam 
is so dJBpoeed of. 

Thirdly, the water ejected into the oondeuser beoonuM rapidly mixed 
with the incoming ateam. So far, however^ from the latter hisinig its 
beat or being condenaed into the tttate of water, it is merdy dlAisoa, aa 
already obeerved, on the true Daltonian theory, amaog it, m proportion 
to the respective quantities of each. 

It may thon be bmadly and unequivocally stated that tliere ia no oUier 
mode by wbuch steam can be coiidtnattl, that ia — reconverted into water, 
than bjr the abstraction of ita boat by metallic refrigeration, as is done in 
the BtiU, or in Hall'a ayetem of metallic tubes. T^, in a word, there in 
none other than Surface Condensation.^* 

We have alluded before to the formation of vapour atoms from 
liquid atoms, or to the process of vaporisation, as expUined by 
Mr. Williams in a former part of hia book. It is now the libe- 
ration of these vapour atoms, or their escafte from the water, to 
which we have to draw the attention of the render. This latter 
phenomenon has been correctly denominated by Mr Williaras, 
"evaporjition,'* It is remarkable that even wri lei's of the gj-eatest 
authority have so often confounded these two terms. "The 
more so," the author says, "as no two processes in nature can be 
more distinct," It has been supposed by Regnault, one of the 
first authorities on this subject, that the formation of vapour 
depended on the density and pressure of the air, or other me^lium 
in immediate contact with the water. Tliis sufficiently cutitirms 
the belief of the erroneous inferences drawn by other philoeu* 
phers. liegnault, in arriving at this conclusion, evidently con- 
founded, or what is worse, did not distinguish between vaporisa^ 
tion and evaporation. Mr. Williams observes, "Had he said 
that the escape of the vaf>our from the water, after it had been 
formed » is influenced by the pressure of the air, he would have 
been correct." 

Of the phenomena of evaporation the author gives a series of 
illustrations, based on Dalton's mmle of illnslraling the diffusion 
of vapours. The results of the experiments made by him, with 
the object of eliminating correct cnnclnaions respecting these 
phenomena, may be enumerated as follows: — 

" 1. That the vapour which eacapcd unremittingly into the air, under 
the proooH of evaporation, must na^'c previously existed in the water, 
its escape being pnrjuirtloned to the area of the aurface exposed to 
the lighter medium of the air. 

2. That the reduced temperature wns the concomitant of the reduced 
weight of vapour efucaping from the water, 

&. That this increaaing time required for the escspe of each qutintity of 
vapour waa clearly accounted for by tiw reduced quantity or number ol 
atoms momentanly and sucoeesively exposed to the air in the upper 
atratum of the liquid under the operation of diffuHion."* 

After having at some length remarked the phenomena of so- 
calletl apontaneons evaporation, and traced the mistakes and 
oversights hitherto committed in its interpretation, Mr. Williams 
offers some explanation of boiler explosions. With reference to 
the sudden increase of pressure, and risk of explosion, he 
writes; 

" We must bear in mind that, although under the mfluence of difFu- 
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■ion, there wOl be throughout a homogeneoiu condition bb to the quantity 
of steam present, that portion whidi ib below the water line will be 
in a medium — the water — denser than that above it. The water and 
the space above it being thus distinct and separate media, may here be 
consideied as separate chambers, though still in free connection. If, 
then the steam in that dense medium — the water — be by anv means 
liberated and passed into the lighter medium above it (these densitieB 
bemg as 880 to 1), there would necessarily be a pro tanto increase in 
quantity, and, conse- 
quently in pressure in 
the latter. This diffe- 
rence would also be in- 
creased in proportion as 
the area above the wa- 
ter line would be less 
than that below it, as 
thus illustrated: — 

Iiet Fig. 8 represent 
a five-pound bottle, with 
a cork fastened down 
by wire, through which 
tibe copper tube A, with 
the stop-cock B, was in- 
troduoeid, a thermometer 
beii^ inserted through 
the cork as here shown. 
On heat being ajmlied 
from beneath, and the 
temperature raised to 
212 , or above it, the 
8topKX)ck was . ojpened.* 
The result was an unme- 
diate discharge of steam 
from the water medium 
to the space above it, 
accompanied by the ap- 
pearance of violent ebul- 
lition, forcing much of 
the water before it, and 
a consequent discharge 
of both water and steam 
through the tube, with 
a rapid depression of the 
temperature to 212°. (If 
two thermometers were 
introduced, the bulb of 
the one being below the 
water line, and that of 
the other above it, both 
will be found simiiltane- 
ously to fall to 212^) 

The experiment was 
then repeated, the quan- 
tity of water being so 

increased as to make the bottle nearly full. On the temperature being 
again raised to 218'', and the stop-cock as before opened, the result wae 
a still more violent diBcharge of steam add water from below, a conside- 
rable portion of the water, together with the steam, being forced out, 
and rising to the ceiling, descended as from a shower bath." 

From these and other investigations, it appears that boiler ex- 
plosions cannot generally be attribated to the sudden formation 
of steam, bat rather to the sudden liberation and consequent 
expansion of steam already formed, bat previously existing in 
the water. 

The above is but a brief summary of the valuable contents of 
Mr. Wye Williams' book. He has handed over to as, indeed, 
entirely a new theory. How far we are indebted to the author 
who elucidated it, and directed our observations into the right 
coarse, can only be fully appreciated bv him who makes it his 
duty to peruse Mr. Williams* book, and to follow him in all the 
details of his inquiries,— « task which is sure to combine pleasure 
with useful information. We i^ecommend this not only to those 
who are professionally interested in the question, but also to 
every one who makes it his endeavour truly to understand the 
harmoi^ and the hidden workings of nature. 




ne Progrwiive Screw, a§ a Propeller in Navigatitm, By Jultax 
JoBH R^VT, C.E.— Londoci: John Weale. 1800. 
There is little doubt that eveij engineer interested in the 
pngten of steam navigation is well acquainted with the effi- 
ciency of the screw profiler, and the various improvements 
which it has nndei^gone smoe its introdaotioQ. fiat among the 



many who know the results to be obtained from its application 
under ordinary circumstances, we believe there is but a limited 
number who have made themselves familiar with the principles of 
its operation. And again, out of this number there are in all pro- 
bability only few who have ever philosophically considered the 
phenomena* connected with the screw propeller, or who have 
traced with any certainty the complex laws of its action with 
relation to produced effect, so as to arrive at any definite conclu- 
sions of practical advantage. In making these observations, we 
intend by no means to Question the abilities of our engineers to 
make such inquiries;— far from it. That such investigations 
have not been made by everyone, and every day, must be at- 
tributed more to the great success which has crowned the first 
experiments with the screw as a propeller, and the very exten- 
sive adoption it has met with, than to anything else. Moreover, 
the benefit we have so unexpectedly derived has made us for- 
get to inquire, whether still greater advantages might not be 
realised by a radical study of the nature of the screw when 
moving in water and through it, instead of confining our inves- 
tigations to endless and expensive experiments. That certainty 
on this point cannot but be of the greatest interest, will not oe 
denied by those who have looked into the (question deeper than 
the surface. By those it will also be perceived that, before we 
can penetrate to the bottom, a host of difficulties has.to be over- 
come, no end of complications to be cleared up, before we can 
begin to handle the subject with the never-iailing implements 
of reason. Let us see in what these difiSculties consist. 

If the screw were moving through a solid, we could, with all 
the exactness which the mathematical sciences now afford us, 
analyse its action, and foretell its effects. But the screw in 
navigation moves through a liquid; and it is here we en- 
counter all the difficulties. The science of hydrodynamics has 
not as vet advanced so &r as to furnish us with precise and re- 
liable Laws respecting the motion of the liquid particles amongst 
each other when impdled by other forces. Although we may know 
the force which is disposed of in acting against the water, we 
cannot d priori determine with exactness the amount of force 
which is necessary to move a certain quantity of water through 
another mass of water of indefinite extent, and for this reason 
do not know the number of the particles set in motion bv the 
blades of the screw, nor the extent of such motion, and the 
velocity with which these particles move. From this it is evi- 
dent, that until a distinct knowledge on these points is gained 
we must be content with arriving at results wanting mathe- 
matical exactness, and possessing only some degree of approxi- 
mation to truth. 

Few theories of the screw propeller which deserve acceptance 
by the practical engineer have been promulgated. Mr. R^vy^s 
book is therefore the more welcome, as it not only supplies this 
want, but also considers the practical application of tne conclu- 
sions arrived at. He has endeavoured to clear away the above- 
mentioned difiiculties, as much as the resources of science 
permitted, and has made it his aim to represent the manifold 
relations of action and efibct of the screw prnpeller, in as concise 
and clear a form as possible, so as to render the book generally 
useful. 

In the first section the author enters into a detailed explanation 
of the nature of the screw propellir, with reference to its most 
frequent application at the present time. To avoid re|)etitions, 
and also to enable the reader clearly to understand the reasoning 
pursued in these inquiries, Mr. K^vy has devoted a special 
chapter to the treatment of ** Elasticity,** and the "Nature and 
quantity of forces.'* In the first division we find also valuable 
data respecting some experiments made with U.S. steamer San 
Jacinto, with remarks by the author respecting its performance. 
The second section of the pamphlet treats chiefly of the author's 
special subject, " The progressive screw." The firat (question in 
examining the phenomena of the oixlinary propeller, is the resis- 
tance offered by the water to the surface of the screw; or, in 
other words, what 'is the velocity which must be imparted to it 
relatively to the water, in order that it may meet with sufficient 
resistance for the propulsion of the ship ? This velocity is com- 
monly denominated the slip of the screw. Any diminution of the 
latter, therefore, must have an increase in the useful effect for its 
conseqaence. According to the principles of the screw, the velo- 
city with which the particles or water which come in contact 
with its sarfhce are impelled, is in a direct ratio with the angular 
velocity of the screw, and its pitch. And as this rekUon is at 
B veiy part of an ordinary propeller the same, those particles must 
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be irapelled at every part of the surface i^Fith the same velocity. 
If, tliei-cfore, such elemeDt of a screw were actinj^ agaiiiat water, 
the particles of it whicli were set in motion by the anterior parte 
of the ecrew*3 surface, would offer comparatively no resistance to 
those preceding it. But if a tiecond screw were so connected with 
the former that the water pttssicg from the surface of the first 
would be met by the secoud, it would be evident that this mass 
-of water must exert a reaction on the second surface^ which could 
only tend to the propulsion of the ship. From this then it 
follows, that the surface of the second screw— supposing it to be 
a prolongation of the latter— must have a continnally increassing 
pitch; in other words, it must be progn'ssive. This is the point 
diacassed in the secon<l section of Mr. Revy's book, as well as 
directions for the formation of the curve of its directrix. 

Our space does not permit us to dwell any longer on this im- 
portant subject. We consider that Mr. Revy haa supplied a very 
valuable desideratum to the literature of engiueoriug. 



Th^ Economy of Steam Potoer on Ommum lioadM, By Charles 

FttKOE aic T. Y or> a, C E. — ^Lon don : A tchley and Co. pp. 417. 

This work part^ikes more of the character of a return^ of the 
various modes of transport fi-om its first development to the 
present time, than of ti treatise on steam power on common 
roads. But, notwith standing the historical features which this 
book presents, it is nevertheless a great advocate of the intro- 
duction of the latter. 

Passing over the origin of roads at the period of the ancient 
Romans, and the early means of transport; the influence of fa- 
cility of intercourse on civilisation in general; the construction 
and principles of road-making; the transport by canals and rail- 
ways; and a comparison between the three with respect to their 
construction, maintenance, and advantages, — we come to the 
part of the bot)k devoted to the history of steam locomotion on 
common roadsu It appears that as far back as a hundred years, 
the application of steam to the moving of carriages as a sub- 
stitute for horses has been fully appreciated, and suggested by 
Pj^f Bobinson, whose name ia familiar in the biography of 
Watt. The author tells us, however, that the earliest account 
he has been able to tind of the practical application of steam 
jKJwer to common roads is that of a steam carriage invented and 
oaried out by a French military engineer of the name of Cugnot. 
Although sevend attempts were made by Symington, Watt, Tre- 
vithiok, and others, to carry out this idea, the first steam 
carriage constructed in this country expressly for the convey- 
ance of passengers on common roails, was invented by Julius 
Griffiths. It was constructed by the celebrated Joseph Bramnh, 
but proved, after many experiments which were made with it 
at his works, unsuccessful, and was therefore finally abandoned. 

It would be useless to recount her© the numerous unsuccessful 
attempts which have been made in designing and constructing 
ateam carriages for common roads. Let it suffice to say that 
Mr. Yonns's book gives an ample account of all those various 
•chemes wliich have been brought forwanl from the early part 
of this century up to the present day, and which have formed, 
perhaps with few exceptions, the subject of a patent. From 
the fact of the number of abortive inventions which had 
for their object the realisation of eflectuai means for moving 
carriages on common roads bv steam power, it may be con- 
cluded that there must have been something which was to a 
tfreat extent the common cause of failure of all those schemes. 
Tlie author thinks that, by the majority of tln:)3e v.'ho were 
•engaged in obtaining the desired end, very little consideration 
saemi to have been given to the injury sustained by the road 
frota a heavy weight moving over it, and from the loss of 
power arising from the system on which nearly idl of those 
tjascd their improvement — namely, on the concentration of 
weight That this should be so, is perhapa not so unaccount* 
able as one at first might be led to believe. The theoiy of action 
of the ordinary carriage, no doubt, was in all those instances too 
prominent to be lost sight of. Biesides this, it is very probable 
— so the author urges — that they thought their system looked 
better, was simpler, that under fovourable circumstances it could 
be made to work; and w^ere influenced by many other reasons. 
Another great caune of the many failures of those steam car- 
riages which were designed for traction purposes, is the little 
amount of adhesion which can be given to the wheels when 
drawing a heavy loa^l on a oommon road. Yarioua auggeations 
have hien made to obviate thia failure. For umtoDce, a wheel 



with spikes has been introduce*!, or wnth projections or ribs on 
its periphery, so as to take hold 6rmly of the ground it mo\es 
over, and many similar contrivaucea. It became, however, soon 
evident that the removal of one failure only gave rise to another. 
The injury done to the roads by such contrivances was too 
serious to admit of their success. The idea therefore of over- 
coming the obstacles in thia manner bad to be reliriquiahcd. 

In order to illustrate the effect of concentrated weight on the 
common road, the author has devoted to this subject a lengthy 
chapter. After having more espccuiUy pointed out the failures 
attending such system, he proceeds to describe the mode of ob- 
vhiting the mischief by distributing the weight on the wheels over 
a larger surface. Sevend patents have been t-vken out with this 
object in view, of which that of Mr. James- Boy dell is perhaps 
the moat efficient. The chief features of hia improvement (on 
the principle of distributing the weight over a large surface) ia 
to apply and lay down by the mechanism of the carriage a seriea 
of detached and movable rails, on which the wheels roU as on a 
permanent way. 

After giving a lengthy account of the efficiency and cost of 
working this engine. Sir. Young proceeds with a history of the 
progress of steam on common roads in the United States, and 
concludes his book by discussing the practicability of conveying 
passengers by this means, Tiiat it is not impracticable, he asserts; 
and that passengers can be conveyed by a steam carriage, at 
the rate of twelve to fourteen miles per hour, has been fully 
proi^ed by Hancock, Gurney, and others. The reason, however, 
which haa been advjinced why such c:)nveyanceB have not met 
with a more general intnj^luction is the supposed injury inflicted 
by the wheels of the carriage on the road. But the opinions of 
Sir John Macneil, Mr. James Macadam, and many other autho- 
rities, is to the contrary. One of the njain causes lies probably 
in the prohibitojy and absurd tolU with which the greater part 
of our high roads is encumbered. It is said that fifty of such 
bills for raising road tolls have been brought into parliament, 
and passed at one time. Mr. Young has annexed to his book a 
return of private bills which have passed the House of Com- 
mons, and wherein any toll has been imposed on carriages pro- 
pelled by steam or oth» r mechanical contrivances. 

We recommend the book to all interested in its special subject, 
containing as it does a large amount of information laboriously 
collected, and the publication of which at thia moment is parti- 
cularly opportune. 



BOCK IMPROVEMENTS AT GRANGEMOUTH* 
By Jajjes Milne. 

{With on Engraving) 

Tb£ dock works of the port of Grangemouth consist of an 
entrance wet-dock, having an area of 4 J acres; a junction basin 
beyond, area 3i acres; a timber basin further beyond, area 12| 
acres; and a bonded timb<?r basin, of 4j acres: the two latter 
being connected with the Forth and Clyde Canal. 

The entmnce dock is entered by the Carron rivtjrfrom the Firth 
of Forth, through an entrance lock 65 feet in width, having three 
pairs of lock gatea, with a length of 250 feet between the entrance 
gates, and a depth of water on the gate sills of 24 feet at spring 
tidesj. The communication between the entrance dock and the junc- 
tion basin beyond is by the building of the junction drawbridge, 
which has a width of 30 feet, and had a depth of lo feet at high- 
water of spring tides. This building was completed along with 
the building of the entrance dock in 1842. 

The means of communication from the junction baain to the 
timber basin, and thence to the Forth and Clyde Canal, is from 
the westward end of the junction basiUt by the junction lock, 
which is 91 feet in length from point to jx>int of gates, and 21 feet 
in width, with a depth of 13 a. 2 in. at high-water of spring- 
tides, and a lit\ of 4 ft, 6 in. from high-water of spring-tides to 
the surface level of the timber bastn and the canal reach. Thia 
junction lock was built in 1842, and the pig iron whaif on the south 
aide of the junction basin was built in 1647. These works have 
generally been found suitable for the to-ade, except that the oom- 
munication between the entrance dock and the junction basin 
has frequently been found to be too shallow for passing loaded 
vessels, whicli incurred either the removing of mich vessels to the 
entrance dock for completing their cargoes, or the riunnng of 

* Read at the Itutitntloa of Bbglneen iii ScolUsd. 
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water from the timber baain Rud the Forth and Clyde Canal 
•upply to inci-eftse the depth of water in the dock and hHsiu; 
whilst the dimeoj^ions of the junction look, between the junction 
basin and the timber lm«h], have been found to be too limited 
for paaaiog any coueiderable proportion of the vesaels too large 
to navigate the Forth and Clyde Cannl up to the said timber 
basin, having an area of 12| acres, and which might be conside* 
rably extended. Such waa the general outline of the dock 
accommodation at the port for veaaela of too large diraenaions 
for passing along the canal navispition, when an increasing trade 
rendered it necessary to consider by what means, or in what 
way, the rerjuisite increase of accommodation could be moat 
suiuUy, easily, and cheaply supplied. 

On testing the nature of the ground by bores pnt down, it was 
found to be soft alinvial deposit to the depth of 22 feet at the 
junction draw^ bridge, with a gradual rise towards the junction lock, 
wh*.'re the deptli of soft deposit measured 20 ft, 1 1 in, imder the 
level of the surfaf^e of the coping at the junction bridge, which 
answers to 2 ft. 6 in. above high- water of spnng tides, and is 
assumed as the datum line for the depths herein referred to. 
Lying at between these depths, a stratum or bed of boulders in 
hard till was tracwl by the l)orea put down, throughout the J ins 
of the new wharf wall and the cast-iron tunnel pipe; and by 
borings through the masonry at the juuctton bridge and lock, 
it was found that the stratum was intact under the walls, and 
that the wjilU were founded on two thicknesses of cross planking, 
each inches thick. It may be stated that this stratum has 
been found unbroken throughout the scope of the new works, 
some portions of it being found to be softer than other portions, 
whilst it varies in thickness from 8 to 14 inches. The boulders 
were generally found closely bedded together in the till, and vary- 
ing in size from that of smal! gi-avel to 8 or 9 inches through. 
This stratum lies on; a bed of mixed fine clay and sand, from 
S to 3 feet in thickness, with soft mud under the bed of day and 
sand* 

After having proved the nature of the ground, and the depth 
to the only hard stratum within the linuta of the depth for 
Ibandationa, the general scheme resolved upon was to deepen 
the communication between the junction basin and the entrance 
dock to as close on the till bed as found practicable; to complete 
the junction basin to the width of 238 feet, giving an area of 
3j acres in the basin; to dredge out the basin to the depth of 
the entrance; to deepen, widen, and lengthen the jonction lock, 

80 as to pass about three-fourths of the number of the sailing 
Yenels arriving at the dock, from the junction basin to the tim- 
ber basin; and to lay in a cast-iron tunnel pipe from the line of 
the new wharf wall to the old harbour, for the purpose of run- 
ning water off the basin, and of scouring the mud from the old 
haroour. 

The works were commenced by laying in the cast-iron tunnel 
pipe along the surface of the till-bed, from the old harbour to 
the line of the new wall- The pipes are spigot-and-faucet pipes, 
26) inches inside diameter, with a draw-sluice at the face of the 
newwall^and a hinged self-acting valve-sluice on the discharge 
end at the old harbour. After the pipe was laid in, a contract 
was made in July 1858 for the building of the wharf wall, and 
excavating the bed of the basin. The height of the wall from 
the till-b^ to the surface of the cope is from 20 ft, 9 in. to 

81 ft 9 in. The wall is built of freestone, with ashlar in front, and 
mbble backing. The front line of the wall is curved to a radius 
of 3000 feet; the profile of the wall front to 8i feet under the 
iorface of the cope helnp built with a batter of Ij inch to 
the foot J and from the 8^ feet under the oope to the founds, to a 
concave of 40 feet radius: which gives & breadth of wall on the 
upper found course of 9 ft. 6 in^ and a breadth of 1 1 feet for the 
lower found course- The lower found course is laid with Arden- 
lime mortar, on a bed of concrete averaging about 12 inches in 
thickness, and beaten over the till bed. The second ooui-se of 
found stones is bonded ou the lower coui-se, and the first course 
of ashlar and rubble is built with alternate headers from the 
front and the back of the wall, — all with the view of so 
bonding the foundation and base of the wall, and extending it 
over so much in area of the surface of tlie till bed, as to guard 
against subsidence. The excavations at the back of the wdl are 
partly filled up with light pottery ashes, for the purpose of 
lesflening the weight at the wall, and to guard against the strain 
of the &lling-in of the mud behind. Cast-irou drain pipes, with 
brsBS faces on the pipes, and leather valve faces, are passed 
through the wall for running off water from behind the wall 



On the ends of the wharf wall being built as close to the water- 
way of the former basin as the safety of the bank would permit, 
the water was ran off by the tunnel pipe. At the eastward end 
the new wall was joined to the wall of the junction bridge, and 
at the westward end the new wall was joined to the south wall 
of the basin, and a portion of the junction lock was taken down, 
and 40 feet in length at tlie lower entrance to the lock built in 
to the width of 25i feet, whilst the bottom invert was lowered 
to 3 feet under the bottom of the present lock, this being a pre- 
paratory step to enlarging the lock. Such portion of the entrance 
to the lock was thus completed as would carry the turnpike 
road over the lock entrance, aud give the means of damming 
o£f the water in the junction basin, so that the basin and the 
entrance lock might be available for the shipping whilst the lock 
was being enlarged^ 

Whilst the new entrance to the lock wa* being built, and the 
walls of the basin completed, the communication between the 
dock and basin was also being deepened by the removal of the 
original invert building, and replacing it by an invert of cast- 
iron girders, as shown in Figs. I, 2, and 3, Plate XL As a 
precaution against the yielding of the entrance walls, shoring 
logs were fitted in and firmly wedged between the walls. The 
cutting out of the ashlar bottoming and invert was begun at the 
end next to the junction basin. The ashlar, concrete, &c., were 
cleared out to the till-bed, and the first two girders bolted to- 
gether, carefully placed into the line aud level of the entrance, 
and ran in with Roman cement throughout the bedding af their 
lower sides, and the ends of the girders were caulked up with 
iron cement, so as to abut them lirmly to the walls. All the 
subsequent girders were fitted in, girder to girder, in the same 
manner, the invert being cut out in sections of from 2 feet to 4 feet 
at a time, and the laying in of the girders kept as close as prac- 
ticable to the taking out of the invert, so as to guard as much 
as possible against the risk of the water breaking through from 
the dock. 

After the girders were laid in, bolted, and secured, they were 
filled up wnth concrete, and a surface course of hard composition 
brick, on bed — all beaten in flush with the upper webs of the 
girders, aud ran in witli Roman cement 

The girdei-a when completed (except the girder at the middle, 
which formB the sole for the batter-doors), weighed 67 cwt, each, 
and measured 30 ft. 6 in. mean length, 2 feet in breadth, 12 inches 
in depth at the middle end, and 21 inches in depth at the ex- 
treme ends. They wery made to the length in three pieces — the 
middle-piece 21 feet in length, the one end-piece 6 feet in length, 
and the other end-piece 3 ft. 6 in. in length; which, ou fitting 
the middle-pieces together alternately, end for end, gave a lap- 
ping of 2 ft. C in. on the sides of the girders, where they joined 
girder to girder. The thi'ee pieces forming each girder were 
fitted and bolted together, aud the fitting stripes on the sides of 
the ginlers all planed or otherwise dressed quite fair throughout 
the !«ogth, and the girders were ccamped together for drilling 
the holt-holes, which were all broached out, and the bolts turned 
to fit. The deptii of the ashlar, &c. removed from the entrance 
was 4 fl. 6 in., corresponding to the 12 inches in depth of the 
cast-iron girders put in, giving a gain of 3 ft. 6 in. in depth, and 
a dfipth of water throughout the communication of 18 ft. 6 in. 
at high- water spring-tiaes. Fig* 1 is a part plan of one half of 
the communication, showing the new bottom, with a portion of 
the girders clear, a second portion being shown partly filled with 
concrete, a third portion with the surface course of bricks, and 
a fourth portion as having the final coating of Roman cement. 
Fig. 2 is a transvei^se vertical section of the same, with the old 
invert building indicated by dotted lines on the one side, showing 
the gain in depth; and in Fig. 3 is a vertical section across the 
middle girder, forming the bstter-door sole and the adjacent 
girders. 

In order to get these works accomplished, a ooffernlnm had 
to be constructed to dam oif the water in the dock; and it was 
deemed most essential tliat the constructing of the dam should 
not deprive the trade of the passage throngh the junction baain 
and timber basin to the canal, for a longer period of time than 
was necessary for completing the wharf walls and the entranees. 
Also, as tlie walls of the dock are founded to such depth that 
they stand on the mud under the till-bed before referri&d to, it 
has been held to be unsafe to run the water out of the dock, 
whilst it was feared that the driving of piles for making a coflTer- 
dam in the usual way might endanger the safety of the walls; 
and, looking at the difficulty of driving piles in from 20 to 24 feet 
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depth of water, and Hie subeequent difflealty and risk of making 
a secare and tight dam between two rows of piles, the wro^ght- 
iron coffer-dam was designed and made as represented in Iigs. 
4 to 9. 

The dam is wholly made of wrought-iron; the fimmework is 
formed of nine girders, each girder 40 feet in length, 4 feet in 
depth at the middle, and 21 inches in depth at the extreme ends; 
the bow sides of the girders being made to a radius of 80 feet, 
and the string sides to a camber of 3 inches. The girders are 
made of ande-irons, all rolled in one length to the span of the 
dam, and the girders, Nos. 2, 3, 4, and 6 from the bottom, 
have web plates (alK> rolled in one length to the span of the 
dam) fitted between the angle-irons, which form the bows and 
strinjp^s. The sections of i£e parts of the girders decrease in 
size from the girder No. 1 at the bottom, to girder No. 9 at the 
iop of the dam, and the spaces between the ffirders increase from 
bottom to top, so as to make the strength of the dam nearly 
uniform with the pressure of water due to the depth. The bot- 
tom of the dam is framed of T-i^^n ribs, and covered with f-inch 
plates, all curved outwards to strengthen the bottom against 
the pressure. The girders are plated all over outside, the plates 
on the back of the dam all upright, the upright joints butted 
and joined by covering strips, and the longitudinal joints lapped 
and rivetted on the ffirders. The plates on the front of the dam 
are in lengths of 25 feet for the middle of the dam, and in such 
breadths as to lap the plktes on the two girders for joining longi- 
tudinally, and the upright joints of these plates are jomed by 
covering strips double nvetted by ^inch rivets. Ail the other 
rivets are §-inch rivets, pitched in at a distance of 2^ inches be- 
tween centres along the rows which require caulking, and 5 inches 
between centres for the other rows of rivets. The plates vary in 
thickness from f-inch at the bottom of the dam, to ^inch thick 
at the top. A sluice tunnel, 18 inches square, passes through 
the dam, with a draw-sluice on the back of the dam for shutting 
off or running water through the dam, and a pipe of 6 inches 
diameter, with a two-way tap-cock in the pipe, is fitted tu the 
front and back of the dam near the bottom, for running water 
into or out of the dam. By this pipe and tap-cock the dam was 
filled for being sunk, or emptied for being floated, or the height 
of the water in the dam regulated to the height of the water in 
the dock. The whole weight of the iron-work in the dam, tunnel 
and pipe, is 20^ tons. The strengths of the parts of the dam 
were calculated to support a pressui'e of 20 feet depth of water, but 
the greatest height of water ever on the dam was about 19 feet. 

The dam was made at Maryhill, and was launched into the 
Kelvin dock at three o'clock one afternoon, towed to Grange- 
mouth, and set to its place, and the water run off from behind 
the dam on the following day. By filling in about a boat-load of 
tan-bark and ashes round the back of the dam for safety, and for 
compensating for the inaccuracies in the fittinff of the (uun to the 
wall, the dam was made as tight as could be wished, and re- 
mained so until the works were ready for its removal; when, 
by ruDoiug the water out of the dam, and filling the basin (Slst 
October, 1860), the dam rose from its seat and was floated out of 
the way, giving an immediate free thoroughfare for again passing 
the shippmg between the dock and basin. 



THE EXHIBITION OP THE SOCIETY OP PEMALE 
AHTISTS, 53, PALL MALL. 

This, the fifth exhibition of the society, occupies, as it did last 
year, the rooms of the New Society of Painters m Water Colours, 
which it completely fills, and with a very acceptable collection of 
pictures. To these, certain remarks which we have made on 
former occasions will be found again to appl^, but there is a 
steady improvement perceptibly going on, which leads to the 
expectation of still greater successes. Miss Louisa Bayner, who 
enjoys a well-earned reputation for her architectural delineations, 
appears to have essayea a greater breadth of treatment of late, to 
the ignoring often of details, which she, be^on4 most female artists, 
knows how to interpret. But in this quakty there is another hand 
whose productions evinoe great skill and fidelity — that of Miss 
Isabella Jones, who sends mur pictures, all of decidedly arohiteo- 
tural character, and handled with considerable fireedom. That of 
''Old houses at Conway" (200), and the "Pountain at Bouen** 
(256), are particularly noiioeable. Miss Bayner produces several 
scenes from Boslyn Chapel; and Salisbury, QlasgoWi Canterburyi 



&e., haTs again atHraeted her pencil. Lady Belcher is again a 
contributor. Her ''Piimess Abbey'* (119) is not so successful as 
^'Hereford Cathedral" (147). Mrs. Higford Burr, one of the 
most delightful and pains-taking artists in her particular line, 
sends but one picture (150), a view "in the Chapel of Sacro 
Speoo, Subiacor in which the frescoes on the wsils are very 
carefully expressed. 

Among more general subjects we may point to (178) ''Drawing 
of animids in chalk" by Mdlle. Bosa Bonhenr, and the four 
bronzes (328 — 331) of cattle subjects, by the same artist; also 
two clever small pictures by her sister Juliette Bonheur; the 
clever marine-pieces by Mrs. E. Dundas Murray, to whose exer- 
tions as the secretary the society is so much indebted: Mrs. 
Murray^s (of Teneriffe) powerfully depicted scenes; two by Mrs. 
J. T. Linnell; several by Miss Margaret Gillies; others by Miss 
Florence Peel; and (205) "a study ** (of flowers) by Miss Charlotte 
James, to which the "national medal" was awarded. 



BOYAL INSTITUTE OP BRITISH ABCHITECTS. 
Ditcusnon on the Preservation of Stone, 

A SERIES of Special meetings has been held at the Royal Insti- 
tute of British Architects, at the instance of Mr. Tite, M.P., for 
the discussion of the various processes for the preservation of 
stone from decay. Mr. Tite opened the discussion, and Mr. 
Digby Wvatt, the Vice-president, on the three evenings devoted 
to this subje ^t, occupied the chair. 

Mr. Tite gave a very detailed account of the various processes, 
and expressed his own opinion of the non-success of the ipplica- 
tions in each case. Both in opening and closing the discussion, 
he denounced the processes of M Szerelmey and Mr. Daines. 

Mr. Bumell, after speaking warmlv in disfavour of M. Szerel- 
mev's Zopissa — which he said he had gathered in exfoliated 
scales that had fidlen from the walls operated upou, and, in 
older specimens, had brushed off in clouds with his hand— stated 
that he knew of no process to which he could pin his fiith or 
reputation. 

The Hon. W, Cowper, MP., said that, having the custody of 
the Houses of Parliament^ as Pirst Commissioner of Works, he 
was most anxious to avail himself of the united expeneuce of 
this Institnte. That when he came into office. Sir C. Barry had 
recommended the process of M Szerelmey, but that, on extended 
trial, it was foond not advisable to proceed wiUi its further 
adoption. 

Mr. George Gilbert Scott <(tated that he had tried all the 
various processes upon the Abbey at Westminster, but all had 
proved fsiilures in a greater or lens degree. He good-humouredly 
chided M. Saerelmey for falsifying the character of his process, 
and finally stated that no system had yet gaiued his confidence. 

Mr. Warrington — who stated, in reply to the chairman, that 
he was engaged professionally for Mr. Bansome — said a few 
words in support of the process on which he had been employed. 

Mr. C H. Smith, one of the commission appointed to select 
the stone for the* Houses of Parliament, entered rather fully 
into the circumstances under which he became attached to that 
commission, and the steps that were taken for the selection of 
the stone; further remarking upon the negligence of the autho- 
rities in not appointing an overlooker properly to inspect the 
stone as it left tne quarries. Certain changes had taken place 
in the spots from which the stone was obtained, which at last 
varied to the distance of six miles from the locality originally 
fixed upon. He had himself been offered the post of supeirisor, 
but had not been able to discover a responsible paymaster. Had 
this been done, the stones so notoriously bad would not have 
been used in the building. 

Prof. Ansted, in support of his colleague Mr. Bansome, said 
all that oould be said in extenuation of the failures of his pro- 
cess, for the most part attributing them to unfavourable dream- 
stances during the manipulation; but also venturing to susgeet 
that some stones could not be preserved from decay, when otMsay 
once set in, by any process whatever. He acknowledged the state 
of things to be very unsatisfactory, and suggested that the matter 
be referred to a committee of scientific men for a more thorough 
investigation. 

Mr. Godwin gave some facts in the shape of negative 
evidence. He hiul witnessed the failure of Mr. I>aines' process 
of siUphur and oil on a statue in fh>nt of the Poundling Hospital, 
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which, after mtaiy ftttempta to preeerve it, had fallem into mch 
m atate of decay that it had to be placed in the hands of the 
painters. He had the teatlmoDy of Mr. Calder Marahall to the 
complete failure of the process. He inveighed against the dis- 
tgnriug of the Houses of Parliament hy the inventoi-s of so-called 
preserving prooeitaea, sutae few of whom had raised an agitation 
to suit thetr own purposes, and had gone far towards irreme* 
diablj spoiling the characteristics of that auperb buildiug* 

Mr. Ferrej spoke in favour of soft soap and alum, as being 
so cheap that it8 price would compensate for ita frequently re- 
quired application. 

Mr. E. Barrjr exonerated his late father from imputed blame 
in the employment of Szerelme/s Z<>pissa on the New Palace; 
stating that qaalilied authorities hnd preferred this procesa to 
Mr RansonieX whofie proceaa he considered a failure, hut the 
roeeimeus of which he had now hibelted on the building, so 
tnat anyone might have an opportanity of inspecting the result 
for themaelvea. 

Prof. Hofmanu stated his opinion on the process of M. Fuchs; 
but confessed that, beautiful aa was the theory of the system, it 
was not siuitod to the humid atmosphere of England. He stated 



his objection to Mr. Hanaome^s process, which even as a theory 
he had pronounced a failure, as silicate of lime formed by preci- 
pitation of silica by calcium had no chemicid a1£nity whatever 
with the constituentd nf tho stone, and formed no union with it* 
He concluded by suggestiug that the silicic ether, of which he 
had given a clear description, might be experimented upon to 
advantage. 

Dr. Frankland, who in accordance with a pre v ions request of 
Mr. Godwin stated that he was profeaaionally employed by Mr. 
Bansome, spoke of the silicate of lime process; and ended by say- 
ing that, as the price of silicic ether was six guineas per lb. it 
could hardly be used for the purpose required. 

Prof. Tennant ci.»incided with the opinions of Prof. Hofmann on 
the subject principally under consideration. 

After some further remarks from other speakers, the motion 
proposed by Mr, Godwin jind seconded by Mr. Tite was carried 
nnanimousfyj — that the Firet Commisijioner be requested to stay- 
farther proceedings at the New Palace at Westminster, and to 
form a committee of inouiry into the present state of decay 
of the building, and the neat mode of arresting its further pro- 
gress. 



THE GOLD-DISK STEAM OR VACUUM GAUGE.* 
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The gold-disk gauge originated through a liability to corro- 
sion which wius found often to spoil the gauges which the author 
was in the habit of supplying to a railway cnmpauy. 

About sixteen years ago, M Vidi invented the* aneroid baro- 
meter, and a steam-gauge, where corrugated metal disks were 
employed to meafluro changes of pressure. The patent was dated 
October 1844. M. Vidi^a patent has expired, and it is believed 
that his invention is open to be applied to other forms of steam- 
gauges; although there are two subsequent patents still in force 
where the claim is made; in the first, to a chamber covered with 
Any elastic material; in the second, to a chamber covered by an 
ehiitic metal. Of the value of these rival patents the author 
was unable to give an opinion: but if the claim to the general 
principle had to be di-scussed, it is doubtful if even M. Vidi 
would be allowed the priority; the late Mr. Macnaught, of 
Glasgow, having so many years before introduced steam into a 



By Richard A die. 

A. Cormgated disk of an alloy of gold, which coven the front of 
the smiUl chamber. 

B. Stout ring of guQ-metnl. 

C. Serkfl of six strong bctvwb, which make the ring of gun-metal 
hind down the disk thoroughly steam-tight to the chamber. 

X). Piece of braaa in the form of a dieh, which is fitted tightly on 
the edge of B, and secured in it« place hy a seriea uf t«;rewB 
not Been in the drawing. The outer part of D, where the dinh- 
ing ceases, ih ut^d as a plate for gi^uating the scaJu of pit*tt- 
flure upon. 

E. Groove turned in D to reoeire a ghias face, which, after isare- 
hd fittini^, is sprung in with heat, 

F. Cock tu carry one end of an axle H, 

G. Cock to receive tho other end of the axle H; aljKJ to carry 
another cook I, in which the finger turn* on a vertical axis. 

H. Axle fltretching acroaa the faoe of the disk, carrying on it a 
portion of a CTti:)wn -wheel K. A spur from the axle H ia in 
connection with the centre of the gold diftk; a knifo^ge 
eimUar to those used m balances, conununlcates the motion of 
the disk to the axle and crown- wheeL 

The finj^fer in the drawing carriee on its axle a pinion which pitchisa 
into the crowii-whwl IC, to that any motion of the tU^k is shown 
by the finger on the diaL 

In onler to prevent what ia termed *'drtip" in the pitching of tiie 
wheel and pinion, there b applied to the vertical axis a cylin> 
drical spring of braaa or gold wire. 

A bent t«be, in the form of the letter U, ia used to connect tJw^ 
chamber of the gold diak-gauge to the boiler; this tube is filled 
with water. The use of thia connection ia to prevent steam 
reaching the chamber, and ho to keep the disk at a moderate 
tt;nij3erature, which ought never to exceod blood-heat. 

•^* A iiubse<jiient improvement in the box or chamber of thJS 
gauge ia, U* bind limjly tt«gfcther the two inaide surfiwea by a 
spiral apriniif of gold iti the oentro. The re^^uiaito strength in 
the diflk is ihm obtnined with leaa weight of gold, and the degree 
of elasticity ia higher. 

chamber, where he measured its pressure by its action on a 
spiral Bteel spring. 

Among the noble metals the author sought for a corrupted 
disk to measure pressures, which would not be destroyed by 
water: his thoitghta were long turned to platina; bat the metal 
of an old gold pen happening to be neiir, he wjis struck with 
the manner in which it had reUined its form through a long 
peri<"Hi of service, and where the ink, as an agent for corroBion, 
mnat have been as active as oxygenated water* to which steam- 
gauges are exposed. The opinions of two friends whi* had 
had much experienoe in working the alloys of gold, confirmetl 
him in the selection of this alloy for a gauge of vacuum or 
pressure. 

The accompany ing woodcut represents the front view of a 
gauge where steam preaaare is introduced into a small chamber 
by a pipe at the back. 
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K0TE8 or THE MOHTH. 

New Graving Dock fir Birkenhead, — At a recent meeting of 
the Mersey Bock and Harbour Bonrd, it waa reao!ve<i to con- 
struct a very l&rge craving do^k at Birkenhead. Tta lengtb ii 
to be 750 feetf width 65 feet, and depth 100 feet. It is to be 
large enough to accommodate two rows of ships, and to be ao 
constracted as to admit two ihipR at a time. Its cost ia esti- 
mate<l at ^£84,000. 

Warming Haiiftay Carriages.' — A method of warming railway 
carriages has juat been introduced on some French railways, 
involving only a trifling expense. The waste steam from the 
engine, instead of being allowed to escape into the air^ h con- 
ducted from the escape- pipe of the engine, by means of a vnlca- 
niaed indm-nibber tube, to pipes throogh which it circulates 
under the seatis and throughout the carriagea* As soon as the 
train is set in motion the steam commences to circulate through 
aU the systems of pipes, and warms the carriages — firsts second, 
and third class — equally; and, being connected with each other 
by india-rubber tubing, they can be immediately detached or re- 
united at pleasure. In a trial on the Lyons line, two thermo- 
metera placed in first-class carriages marked 60** Fahr, during 
the whole journey; and in the second and third class carnages 
the temperature was sufficiently elevated to allow of the longest 
winter's journey being accomplished without discomfort !m>w- 
ever cold the carriages may be when at rest, as s<joo as the train 
IB started the steam commences to circulate through the tubing, 
and communicates an agreeable temperature to the whole train. 

The Archieologieat Aseociation has just settled upon its place of 
meeting for the present year, having accepted an invitation 
unanimously voted to the society by the Town Council of 
Exeter, 

The Intertuttional Exhibition of 1662. — The Royal Commis- 
sioners for the Exhibition of 1862 have addressed a letter to the 
Council of the Society of Arts, in wbich the following state- 
ments occur; — **The most preasing point was the building 
required for the Exhibition. In 1850, notwithstanding the |:x>8- 
seaeiou of coniiiderable funds, and the assistance of the most 
eminent architects and engineers, seven mouths ek^ised before 
a design was adopted. The Commissioners therefore felt that, if 
they postponed the consideration of this subject until they were 
a legally constituted body, the cost of the building would be 
greatly increased, and a serious risk incurred of its non-comple- 
tion by the ftpptduted time The arrangements made by the 
Society of Arts, wheu ne£jociating for a site on the estate of the 
Commissioners of 1851, and their announcement that the Exhi- 
bition was to include pictures, a branch of art not exhibited on 
the former occasion, rendered it necessary to contemplate the 
erection of a building in som^ parts of a more substantial cha- 
racter than that of 1851, A plan was submitted to the Commis- 
sioners by Captain Fowke, RE., who had been employ e<l by her 
Majesty^s government in the British Depjirtraent of the Paris 
Exhibition of 1855. This design was adapted to the proposed 
Bite, and was intended to meet the practical defects which expe- 
rience had shown to exist both in the buildings in Hyde Park 
and in the Champs ElysecSs. It appeared well adapted for the 
required purposes, and its principal features were of a striking 
character, and likelyito form an attractive part of the Exhibition. 
The Commissioners submitted the design to the competitton of 
ten eminent contractors, four of whom took out the quantities. 
Three tenders (one a joint one from two of the contractors in- 
vited) "^^^T^ sent in on the day named in the invitation, but all 
were greatly in excess of the nmonnt which the Comraissionei's 
oould pnidently spend, with a due re^rd to the interests of the 
gaarautora. The Commissioners have therefore had under their 
consideration modifications of the plan, which, without destroy- 
ing its merits would materially reduce its cost " — It is understood 
that the Royal Commissioners came on the 23rd ult. to a reso- 
lution as to the precise character of the building required, and 
that as soon as the guarantee has been signed to the required 
amount, so that the Bank of England (who it is understood have 
offered very liberal terms) can advance the money, the Commis- 
sioners will probably enter into a contract with Messrs. Kelk, 
and Lucas Broth ers^ the two firms who sent in the lowest ten- 
der, and who hai'e jointly agreed to execute the works. The 
onl} event in which there can be a call on the guarantors is a loss 
by the Exhibition, the liability of the Commissioners in respect 
of the buildiug being limited to £200,000, 



The Recent Flmting of the Ship Queen Fiirfdno,— The following 
are the details of the operation: — Two portable steam^ngines 
had been taken on board the vessel, and arrangements made for 
driving two of Gwynue*s pumps, which were put into operation 
at 11 o'clock a.m., and found to work snccessfully. The cascadee 
which poured from the sides of the ship gave evidence of the effici- 
ency of the pumps* The diver went under the vessel, and on find- 
ing the openings through which the water was admitted to the 
hull, he shoved in some felt, which stopped a portion of the in- 
flux, and it was then found that the pumps were nearly equal to 
discharging the water as fast as it came tn. The en^inee were put 
to their speed, and the race between the pumps and the leakage 
continued with increasing prospects of success, and at five o'clock 
the vessel was actually afloat At six she was taken into deep 
water, nnd was afterwards gron^ideil upon shingle. In this 
position she is being repaired sufficiently for conveyance to the 
Plymouth Great Western Docks. 

Ancient Remains in Ringmort Church. — In the east wall of the 
north transept, two windows, hitherto blocked and concealed on 
the outside by rough -cast, and inside by plaster, but now 
opened, have proved it is said, to be of very early Norman, or 
more probably Saxon date, closely resembling the acknowledged 
Saxon windows in Tintagel Church, Cornwau. Externally they 
are very short and narrow, and have semicircular heads. Inter- 
nally they are splayed to a great width and height. Another 
window was discovered between them which had been cut 
through the wall, apparently in the fourteenth century. This 
portion of the church is believed to be between 800 and 1000 
yeara old. 

Royal Hibernian Academy, — The newly elected architects to 
the Royal Hibernian Academy are^ — Sir Thomas Deane, Messrs. 
(■harles Lanyon, Patrick Byrne, and William Murray, who, to- 
gether with the present academicians, Messrs* McCarthy and 
Malvany, will oonstitnte the quorum. 

Preservation of Wooden Fences, — A paper on this subject by 
Mr. Cruikshank, of Marcassie, as reproduced by the Banffshire 
Journatf gives in detail various experiments, from which it 
appears, a^ in the author's summary that— lat. When larch or fir 
wood is to be exposed to the weather, or be put in the ground, 
no bark should be left on it. 2nd. When posts are to be put up 
into the ground, no earth should be put round them, but stones^ 
3rd. When a wooden fence is to be put up, a No. 4 or 5 wire 
should be stretched in place of, or alongside, the upper rail If 
a proper larch fence were put up, or larch posts for wire paling 
put in, as suggested!, he adds, ** I have no doubt they would 
stand a lease of nineteen years.'' 

The Luther Affjnumenl,, Worms. — The Comroitoe of the Luther 
monument at Worms have just published their fourth yearly 
report, which states that two statues out of the twelve which 
this grand monumental work will comprise, Luther and Wyclilfe, 
have been completed by Prof. Hietschel's band; they have been 
sent for casting to the Einsiedtd Art-foundry, at Lauch hammer, 
Saxony. The oorapletiou of three other statues of the early 
Reformers, destinetl for the corners of the pedestal, have been 
promised in the course of this year. The expense of the monu- 
ment has been estimated at 200,000 florins. 

New Church, Cork, — Tlie new Roman Catholic Church of SS. 
Peter and Paul, Cork, the foundation stone of which was laid 
eighteen monllis ago, is rapidly approaching completion. The 
style is Franco-Gothic of the thirteenth century. The plan is 
cruciform, and consists of nave and chnncel, north and south 
aisles, transepts, chapels, a tower and spire 232 feet high at 
the north-west angle, and a small porch and baptistery at the 
south-west The nave is 127 ft. 6 in. long, 35 feet wide in dear 
between the columns, and the height from the floor to the ridge 
is 87 ft. in. The nave is lighted from the clerestory by nine 
4- light windows. The chancel is polygonal in form, and is 35 feet 
by 17 ft. 6 in. in dear. The roof is open- timbered and panelled. 
All the shafts in the arcade are of red marble, with bases of 
polished black limestone. All the arches and spandrils of nave 
are of Caen stone. In the spandrils will be statues, life-size, of 
the twelve apostles, in Caen stone. The exterior walla are of 
red sandstone, with limestone door and window dressings. The 
cost of the building, exclusive of the tower and spii-e, is esti- 
mated at £1 1,000. Messrs. Pugin and Asblin ai'e the ait^hitecta. 
Mr* Barry McMullan the contractor. 
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ON ABCHITECT U iiAL COMPETITIONS. 

Ab Uie profession of architecture is at present constituted. 
there is no subject so much needing mature consideration and 
ioTiting concerted action as that of competitions. Upon some 
membera of that profession this presses as a matter or personal 
and of vital importance. They employ themselves habitually, 
or at least occasionally, in public or other competitions; and the 
irregplarities, difficulties, injustice, and uncertainty that beset 
ardliitectural competition, as ordinarily administered, are to 
them a oonstant source of injury and discomfort. 

Others, and those the more influential members of the archi- 
tectoral body, are by their position placed above the inducement 
to take any personal share, except occasionally, in such proceed- 
ings, and may be hardly conscious sometimes how much damage 
those evils, the immediate reach of which they themselves have 
outorown, can inflict, not merely upon the rising^ generation of 
architects, but upon the profession, and its position in the eyes 
of the publia 

• It will be attempted to prove that a series of unfortunate cir- 
oamstanoee ordinarily attend architectural competitions, the 
removal or palliation of which is quite practicable, and ought 
to be attempted; all the more because ^preat benefits have arisen 
to the profession from the recent extension of competition: and it 
will b€KX>me a matter for anxious inquiry whether means cannot 
be found for securing the greater portion of these benefits, whfle 
yet the ordinary modes of procedure may be so altered as to 
diminish the concomitant evils. 

This subject has been brought before the public so frequently, 
both by the architectural societies and the professional press, that 
it may well be considered difficult to approach it without the 
tisk of saying over again that which has oeen already published. 
It ii^ on the other hand, to be remarked, that as all that has 
hitherto been said and written has led to nothing, the only course 
left is to return to the subject, and, if necessary, to urge once 
more what has been already stated fully and fairly, in the hope 
of being able at last to educe a t tngible result. 

Before entering upon the abstract (question of competition, or 
the practical one of how to regulate it, and how to enforce any 
regulations that may .be determined upon, it may be well to 
examine tlie actual condition of the question, particularly as it 
i^ects public buildings; for it is a significant fact that, frequent 
as are the competitions for the design of buildings of a public 
character, and tne management of which rests in the hands of a 
committee, a vestry, or a board, it hardly ever occurs that designs 
are invited in competition for private works of the same or even 
of much greater extent. 

The position of the subject at the present day may be stated 
to be as follows: — In the case of certain classes of buildings, the 
public^ finding that a very considerable number of persons, pro- 
fessing themselves to be competent to design and superintend 
works, are always desirous to be employed, and willing to go 
through a considerable amount of exertion to obtain employment, 
have habitually taken advantage of this circumstance to procure 
for themselves the opportunity of having several designs to pick 
from without incurring any expense or liability: sometimes with 
tiie honest desire to secure the best desi^; sometimes in order 
to dispose of the solicitations of several rival candidates for the 
proposed work; sometimes in order to screen the appointment of 
some relative or favourite to whom it would not be possible, 
without scandal, to five the work in a straightforward way; and 
sometimes, perhaps trequently, from custom only. 

On the other hand, the case of the architects is, that in large 
numbers they accept these invitations, and sooner than lose 
what seems to offer an opportunity of obtaining practice, they 
incur expenses that they cannot afford, as well as undergo ex- 
ertions which, although in moderation they may no doubt prove 
beneficial, aro but too often excessive. As the object kept in 
view by competitors must necessarily be, not so much the pro- 
duction of the best design, but of the one that may be thought 
the best by the persons who have to decide, and as an expensive 
and elaborate system of finish and brilliant colouring are believed 
to be essential to procuring the approval of the class of persons 
who ordinarily do decide, the result is that a needless amount 
of finish is invariably given to these drawings; and experience 
having shown that persons unaccustomed to buildings almost- 
always select the design that promises the greatest amount of 



work and of the most ornamental character for the smallest sum 
of money, it has come to pass that an estimate, which is spoken 
mildly of when it is termed inaccurate, moro usually than not 
accompanies many of the sets of designs. Finally from the 
whole naturo of the case it constantly happens that temptations 
aro held out to underhand dealing of various descriptions,-— 
temptations which but too often prove greater than those to 
whom they suggest themselves can withstand. 

On the other hand, in a brief statement like the present of 
the general bearings of the question, it must not be omitted that 
competition possesses the advantage of offering a mode of settling 
the selection of one out of several candidate whero thero aro 
conflicting claims. It holds out too a possibility of obtaining in 
country places, whero the local arohitects may not be great 
artists, the chance of procuring modern ideas, and the design of 
an arohitect educated moro hignly than the men of a past gene- 
ration sometimes wero. 

To the young arohitect it offers an opportunity ot distinguish- 
ing himself by nis own skill and abilities; in spite of a ladk of 
powerful patronage, it seems to hold out to him the possibility 
of procuring practice; and it affords him an opportunity of ac- 
quiring skill and experience in the difficult art of mastering a 
new subject, and designing a structuro to meet varied require- 
ments. Last, but not least, it affords him employment du- 
ring that period of enforced and unwilling leisuro which in all 
professions ordinarily intervenes between the dose of prelimi- 
nary studies and the successful prosecution of responsible busi- 



Let us examine some of these advantages more in detail. And 
first we will consider the benefits just enumerated which fair 
public competition offers to the class of arohitects who most fre- 
quently engage in it Of these advantages, probably the most 
solid aro the opportunities theroby affoi^ed for exercising the 
power of design and arrangement^ and for employing leisuro 
nours. It is worth encountering much disappointment, and 
making many apparently fruitless efforts, to acquiro the educa- 
tion which a young student receives in some of the most^ im- 
poi*tant parts of his profession from a series of competitions. 
He is awaro that his efforts will be measured against those of 
men who will take great caro to render themselves familiar with 
every detail of the subject to be treated — be it a hospital, a bar- 
rack, the largest public institution, or the most simple and un- 
ostentatious structure — and he is thus driven to practise himself 
in the art of collecting and utilising information^ and is amassing 
stores of knowledge, and skill to use them, which may in after 
yeai-s prove invaluable. 

Again, the proparation of a design for a large building, 
complicated as it necessarily sometimes becomes, is a matter 
with which a student ordinarily would not voluntarily busy 
himself; and he will find the mere management of a large set 
of drawings a matter in which much is to be learned from 
practice, and which it might prove disastrous to approach for the 
first time under circumstances whero a blunder might produce 
incalculable injury to some actual structuro. Beal improvement 
in drawing is also likely to be obtained by the competitor, for he 
knows tliat his plans will have no chance unless they aro pre- 
pared in a style as effective as that adopted by others; and upon 
improvement in drawing, improvement in power of design is 
sure to attend. 

It is then unquestionably better that a young man who may 
have nothing to build, or may have not enough fully to occupy 
his time, should have these opportunities of exercising himself; 
and that, without the heavy anxiety and romorseless demands 
upon time for matters unconnected with architecture, which a 
large building brings with it, he should enjoy the advantage of 
exeroising himself in the treatment of the most important and 
difficult problems his profession can afford. It is also at the time, 
and so far as personal advantage ffoes, a far better thing to be 
fully, even excessively employed, than to be left waiting in a 
silent office till business comes in. Moro men no doubt have 
pined and sickened under the anxious pressure of hope deferred 
during the dreary period of waiting for practice at the bar, than 
ever over- wrought themselves at the arohitect's desk; and a 
system which lightens the pressure of this care, inevitable in a 
country whero all the professions aro crowded, does no small 
good. 
On the other hand, each advantage has its evil, young men aro 

22 



92 



THE dVIL ENGINEER AND ABUUITECTS JOXTRNAH 



Ufr.l,lin 



apt to let oompetitiont stand in the way of their xegnlar busi- 
nesff, and injure theme^veB by expending their time and energy 
upon these when they ought to be attending to the affiurs of their 
clients, or extending their professional connection; this evil how* 
ever may fairly be left to cure itself^ as after a little experience 
in each instance it probably will. A more serious injury is 
inflicted on the profession by th6 ease with which the offer of a 
very small money premium brings forth a lar^ series of elabo- 
rate designs, and the consequent depreciation m the eyes of the 
pablic of the value of an architect's labours. The barrister in 
this particular reaps the advantage of his abstaining from non- 
remunerative business. The public look upon him as a man 
whose labour is worth his fee, and who will not work without 
remuneration. They pay him consequently cheerfully and libe- 
rally, and they value his services accordingly. 

It cannot be quite so in the other case. Suppose a committee of 
business-men who desire to expend £2000 on a building, wish for 
complete designs, and find that an architect will prepare them a 
design only, exclusive of working drawings and specification, for 
a moderate commission — say 1^ per cent or £20. They subse- 
quently resort to competition, offer a sum of £20, divided into 
two premiums; and receive from twenty to forty or fifty elaborate 
sets of drawings, including an aggregate of labour so great, that 
if the premium were rateabl^ divided among all who have 
worked in proportion to the time they have spent, it is not too 
much to say that there would not be euouffh to remunerate them 
at the rate at which paupers are paid for breaking stones at the 
roadside! Can we wonder if the managers of an undertaking like 
this hold the services of an architect very cheap; when u you 
approach the profession privately, and require a design from an 
individual, he requires £20; while, if you invite designs publicly, 
yon find the same profession are willing to furnish them for the 
ostensible price of one fiftieth chance of £20 ? The proper remedy 
for this misfortune, so far as a remedv can be applied, we shall 
point out further on; but it must be admitted that the ease with 
which drawings can be elicited in reply to any sort of invitation, 
haa very much tended, and must tend, to damage the standing 
of the a^x^itectural profession. 

The advantages of what is called ''the generous emulation of 
talent,** and the opportunity of procuring business such as would 
oUierwise have been inaccessible, may be apparently greater, but 
they are not after all so real us those now brought forward. It 
sometimes happens that a competition of more than ordinary 
interest calls forth from unknown men designs of astonishing 
promise, and from others well before the public, works so full 
of genius and studied excellence as to show that the occasion has 
stimulated the authors in no common decree. This was perhaps 
the case with the late competition for the Government Offices, 
and certainly occurred in the most interesting of recent conipe- 
titions — that for the Memorial Church at Constantinople. But 
every architect knows that the most talented works are in nine 
cases out of ten to be sought, not among the premiated but 
amonff the unsuccessful designs in any competition; and the 
knowledge of this must have, and has its influence, in causing 
men to aim rather at meretricious and taking effect than solid 
exoeUence of design; and however the excitement and haste of 
competition may sometimes rouse an artist to the production of a 
brilliant, striking work, there are few who would advance the 
opinion that architects' best designs are those hastily produced 
to encounter the uncertainties of competition, rather than those 
maturely prepared with the consciousness that they are to be 
carried into execution, and that upon the success or failure of 
the building they represent is staked ^he reputation of the 
artist. 

The idea of obtaining practice must of necessity be more or 
less illusory, from the mere number of competitors to be encoun- 
tered in each instance. But were this ail, these uncertainties 
would be p;reatly diminished in the case of an accomplished 
artist It is rather the uncertainties that beset the decision of 
competitions, and the various other drawbacks (to which atten- 
tion will next have to be directed), that reduce the prospect of 
gainiuff employment by competition to one often very little, if 
at all, oetter than that of gaining employment by private infla- 
ence and connectionj upon which the competition system was 
supposed to be an improvement 

{To be eonfinned,) 



FOREIGN PUBLICATIONS. 

Aifovo the most nseful architectural works published in 
France may be mentioned one, extensive in its scope and 
satisfactory in the mode of its execution, which yet is not b6 
large or so costly as to be excluded from any tolerablv good 
library of architectural works. We allude to ** L*Arehtteeiur$ 
Civile et Domutiqwe du Moyen-Age etdela iZ^naiftance''-:— a poin- 
prehensive work, including specimens of the domestic ardiitectare 
of the middle ages in other countries as well as in France, and 
so carefully executed as to be of mat practical value. The 
author^ M. Verdier and Dr. Catto^ were impressed with the 
desirabUity of preserving some record, as well as publidiing 
some account, of many of the fine examples of civil architeotnre 
which the middle ages and the time immediately succeeding 
them have left us; for the security is wanting in thcor case whi<£ 
the circumstances of ecclesiastical buildings m some sort present 
asaiust the risk that at any moment the caprice or convenience 
of an owner, or even the unchecked ravages of time, may not 
entirely remove from the face of the country anv one of the! 
remaining fragments of the domestic architecture of past dayi. * 

Nothing can be more instructive than to compare the secular 
architecture of any period of the Gothic or pre-€k>thic time wiUi 
the church architecture practised at the same mtmient, and for 
this the volume before us gives ample opportunity. Italian 
medifldval palaces and houses are illustrated by a considerable 
number of well-chosen examples, and so also are the monastic 
buildines of •France. In some cases, where almost all else has 
perished, the " grange," or bam and adjacent buildings belong- 
ing to a monastery, have, from their great solidity and size, 
remained comparaSvely intact Of these' beautiful examples 
from Meslay, Vauclair, and some other similar building are 
given here. But perhaps the most interesting series is one 
of medissval dwelling-houses and shops, especiallv those from 
Clun}r. A small plan of the curious town itself is given, with the 
situations of all these buildings marked, and tneir date also 
indicated, and a selection of the best examples — ^which by the 
way commence as earl;^ as the twelfth century, and reach down 
to the sixteenth — are illustrated by elevations, with details and 
descriptions. 

The plates in this book, as in most French works on architec- 
ture, are such as the English student will appreciate more than 
the letterpress with which they are accompanied. Still the 
letterpress, though including various thin^js that it would not 
have perhaps been a great loss to have omitted, is not without 
value; while the platM, which are mostly elevations, carefully 
executed and well shaded, are very usefbL Details are given in 
abundance, and some of these are of great beauty, and so well 
engittved, that though they are not to a very large scale, they 
may be held to be inteliiffible enough for any practical pur- 
pose. Altogether this wons can be heartilv recommended, and 
the more so because a large proportion of its examples are of 
early character, thus giving specimens of at once the best period 
and the one from which fewest remains have descended, and 
respecting which information is in consequence least generally 
accessible. 

A portion of another work, upon a much larger scale, and only 
partly published, has been brought under our notice,<^it is the 
'* Jifonographie de la CatlUdrak de Ckartrt9^ the issue of whidi 
was commenced several years ago under the auspices of the 
government This work, as its title imports, is entirely devoted 
to the graphic delineation of one monument, the well-known 
Cathedral of Chartres. Such a building can well afford materials 
for a work upon itself alone ; and it is the peculiar merit of 
French architectural publications that they are ver^ apt to take 
np a single building, and give plans, genend elevations and sec- 
tions, and details enough to enable die reader to form a very 
good idea of the nature of the building as a whole and of its 
minute parts. 

These {ilates of Chartres, which are wonderfullv executed, and 
of large size, include plans at Tarious levds, with other geome- 
tricsl drawings, enlarged elevations and sections of some of the 
architectural features, plates showing some of the stained glass 
windows, and a aeries of illustrations, exquisitely drawn in 
perspective, of the marvellous sculpture with whidi this build- 
ing is enriched. We have become fiuniliar through photo- 

aphy with the noble portals of the great cathedrals of Iirance; 

Lt it is difficult from any photographs, except such as repre- 
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ient siDgle fignrefl and groups, to form so aoenrate an estimate 
of the beauly of such scolpture as that at Chartres as these 
SBgravings enable ns to make. Whether we look at the beanty 
ef the scolptare as adapted to the arehitectore, at the skill and 
grace of the draperies, or at the character, force, and individuality 
6f the conntenances, we find in each case occasion to admire 
afresh the perfection to which for a brief period the art of archi- 
tectural seolptnre attained. 

• ¥w those who have mnch occasion to study the method of 
treating the human -figure necessary to produce perfect accesso- 
ries to Gothic architecture, whether in relief or for glass painting, 
this work cannot fail to be of great value; while it will interest 
all lovers of Gk>thic art by its clear and complete delineation of 
one of the noblest of French cathedrals. It is ri^ht to add that 
the architecture, ornamental sculpture, and painting on glass are 
by Lassus; the statuary and mund painting by Duval; and that 
descriptive letterpress from the pen of that well-known archeeolo- 
gtot, M. Didron, is included in the programme of the work. No 
portion of this letterpress has however yet been brought under 
our notice, and we believe none has been published. The whole 
work at present is a splendid fragment; but even if left incom- 
plete it could not fiiil always to command admiration, and to be 
regarded as an architectural book of the highest class. 

It will be probably desirable to return to this work in a 
future mimuer, as the collection of examples of stained glass 
merits a separate and more extended notice. 



COLOUR AS APPLIED TO ARCHITECnrRE. 
By Sydney Smirkb, R.A, 
{Concluded from p. 68.) 
What, then, are the principles that should guide us in the 
treatment of colour in external architecture? 

1. Whatever colours may be used, they should not be so used 
as to detract from the harmony and unity of the ceneral effect. 
For this reason violent contrasts are seldom attended with good 
FBsolts; when such strongly marked contrasts are not ofiensive, 
it is when they are uniformly spread over a whole composition. 
Thns, when in a red brick buildinp^ stone dressings are used 
throughout for the quoins, window jambs, cornices, strings, &c.; 
or when on an exterior of red bricks there are reticulations of 
black bricks over all the plain surfaces; these strong contrasts 
of ccdour do not offend the eye, because of the intimate and 
general intermixture of them: the only effect is, that in the one 
case the light stone dressings lighten the effect of the building, 
and in the other case, the dark reticulations being disseminata 
over the whole, lower the tone without disturbing the unity of 
the building. But scatter those white stones or black bricks 
here and there, sparsely and at irregular intervals over the front, 
and the general effect will assuredly become spotty and dis- 
orderiy. 

2. In the distribution of coloured materials regard should be 
had to the retiring and advancing Qualities of colour. Thus 
white, and bright yellows and bright reds, appear to stand 
ibrward, whilst black, blue, and greys retire. Care should be 
taken not to outn^^e these prejudices of the eye; for example, 
when dark and retiring colours prevail at the lower parts of an 
architectural composition, and the upper parts are of bright- 
coloured materials, the latter will inevitably appear to advance 
and overhang the former, producing a false effect that cannot 
be agvseable. So, when buttresses are built of a darker stone 
than the intervening wall, they seem to sink into instead of 
advance from the f&oe of the wall; and the eye gets puzzled and 
c^bnded, for an effect is produced at variance with what we 
know to be the fact. For the same reason, I have seen a very 
bad effect produced by a black marble frieze introduced in an 
order built in other respects of light-coloured materials. When 
viewed at some distance, or wiw half-closed eyes, the cornice 
learned suspended in the air, or at all events the means of its 
support were not obvious; and generally we may r^ard it as a 
mle in matters of this nature that constructive doubt and un- 
certainty produce an unpleasing impression, like that produced 
by the concealment of the feet of figures in a picture. So also 
dark marble columns in front of a light wall, unless brought out 

S^ pdish, or by a considerable depth of shadow behind them, lose 
at prominence and eoethetio value which should belong to 
them; reverse the arrangement and all ambiguity vanishes, each 



part then takes its right place in the compodtion, and the eye 
consequently rests satisfied. It ought not to be necessary to 
dwell; on a principle that appears, 1 think, so obvious; but it is 
too certain tnat the principle, obvious as it may be, is often lost 
sight of. 

3. Special care is needed in the introduction of dark bands 
and other features of like nature, that they do not interfere 
with the architectural shadows of the composition. Nothing, 
perhaps, in architectural design is more important than to pre- 
serve its outlines and masses distinct and unambiguous; and as 
those outlines and masses are best brought out and rendered 
intelligible by shadow, whatever interferes with the due force of 
those shadows must debract from the effectiveness of the work. 
There is great danger in using those dark streaks and chequered 
courses which are now gaining so much favour, lest the shadows 
of the building in which they occur should lose their value. 
For, when not seen so near as to allow of a clear perception of 
details, these bands are hardly distinguishable from shadows. 
However easy it may be to cite old examples as a justification, 
reason ought ever to prevail over precedents I know that these 
zebra stripes occur in many parts of the peninsula of Italy and 
in Spain, as well as elsewhere in Europe and in the East. As 
I have already said, they may have originated in some construc- 
tive requirement, no doubt adding to the strength of the walL 
We have no such valid reason to wm in .favour of our dark 
streaks; at all events they constitute, I think, one of those eccen- 
tricities of the past which scarcely deserve to be disinterred. 

4 There is another principle of paramount importance in the 
treatment of colour in exterior architecture — viz. that the 
colouring should be consistent in character with the purposes 
of the building itself. Our ancestors correctly appreciated the 
cheerful character of white, hy frequently designating halls 
erected for festive purposes '<Whitehalls.*' The hall at Kenil- 
worth Castle was called the Whitehall. There was a White- 
hall in the Old Palace of Westminster; and the Whitehall of 
Charles's intended palace is fiuniliar to us all. There is also a 
Whitehall in the royal palace at Berlin. Even our cousins 
across the Atlantic have taken over with them the tradition, and 
they have their Whitehalls for festive and popular featherings. 
It is a fact, not without interest to any true bom Londoner, tmit 
the lofty building called the White Tower, in the mediseval citadel 
of this port of London, seems likely to owe its name to havinff 
beeen whitewashed externally. In a very fine illuminated 
manuscript of the fifteenth century, preserved in the British 
Museum, a carefully executed view of London is introduced, in 
the foreground of which appears this great fortress, and while 
the general masonry of the building is coloured naturally, and 
in a somewhat low tone, the tower, with its four angle turrets, 
stands out prominentiy and conspicuously white. So marked is 
the distinction that it cannot have been so represented in the 
manuscript without a special purpose, which was probably that 
of identifying the building. 

If^ as 1 have said, white is calculated to produce in the mind 
a cheerful impression, black, on the other hand, has ever been 
viewed in an opposite sense. Thus, from remotest times, black 
was typical of mourning. Atra and lugtUnHa were synonymous 
words. Even the sacred rhapsodist, when he would describe a 
scene of terror and despair, says, "All fifices gathered blackness." 
The same distinction is alike applicable to those colours which, on 
the one hand, partake of the cnaracter of light, and those which, 
on the other hand, are characterised by an absence of light It 
is not for us here to inquire whether there may not be physical 
causes assignable for this mental phenomenon: but that the 
animal spirits may be raised or depressed by the mei-e contem- 
plation of different colours — ^that colom's, according to this 
quality, may be productive of positive pleasure or pain, irre- 
spective of any considerations of harmony and discord, are facts 
within the reach of every man's experience, although probably it 
is beyond the reach of human intelligence satisfactorily to ex- 
plain them. 

The power of colour to produce strong emotions of the mind 
has been at all times recognised. Thus, when the sacred writer 
desired to raise in the mind a picture in the highest degree 
poetical of the Holy City, he represented that the building of 
its wall was jasper, and its foundations as beiuff garnished with 
sapphires, with chalcedony, emerald, and all other stones of re- 
splendent colours; the gates were of pearl, and the streets of 
pure gold. No doubt the value and rarity of these precious 
substances were also calculated to excite the imagination; but 



94 



THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 



Upr.x^un 



their beantifal colours were eyidently an nnporUnt ingredient 
of the vision. Sometimes oar admiration of an object is excited 
by describing it to be 'Mike unto a jasper," or "to a sardine 
stone," or even *^to a rainbow." The Bible is indeed fnll of 
evidences of the high appreciation of colour as a sonroo of beanty 
and pleasure. In the Homeric writings also we may find 
abundant evidence of this natural and per^Miing feeling. Azure 
and vermilion are constantly used as typical, as it were, of 
regal splendour. No doubt every classic scholar can greatly ex- 
tend these illustrations. I will not detain you with quotations 
from Chaucer, Spenser, and others of our poets, in whose minds 
rich colouring seems ever to be associated with ideas of mag- 
nificence. 

I do not know how fiir I shall have been justified in so long 
a digression; but I trust that I have at least established enough 
to warrant me in saying that the poet, of whatever coun^ 
or age or creed he may be, will be alwavs found to regard 
colour as an important means of raising in the mind an image of 
beauty or magnificence. I am very sensible that there is a vast, 
an almost incalculable difference, between the works of the poet 
and of the architect The one has but his imagination to draw 
upon, whilst the other has to seek the materuds of his work 
from a veiy different source, and too bold a draught upon his 
imagination would be the likeliest means of bringing his career 
to an untimely end. Still there is an analogy — remote it may 
be, but real, and I think manifest. I have said that I regard it 
as a principle of our art in the treatment of colour in exterior 
architecture, that the coloarinff shall he consistent in character 
with the purpose of the building itself and I have adduced 
various notable instances of the adaptation of colour to the 
nature of the building. The subject is indeed fruitful I might 
easily adduce abundant proof to show that, as briffht colouring 
has ever been reffanJed as productive of a gay and cheerful efiEect, 
so dark and sombre hues are equallv effective in raising feelings 
in harmony with the grave and serious purposes of some 
building 

This indeed seems obvious. Who would not be at once struck 
with the excessive impropriety of bright coloured decorations 
on the exterior of a prison, or a cemetery, and may I not add 
too of a chureh ? For however becoming it may be to lavish on 
a building destined to the service of Gk>d all tl^e best offerings 
of art and genius, I am by no means convinced of the propriety 
of chequering over the exterior of a church with bits of bright 
coloured materials. Even in the interior of a chureh it is, to 
my mind at least, open to Question whether a true religious 
feeling is not better expressed by the grey, sombre tints of old 
stonework, than by thH goroeous pageants of gilding aud paint- 
ing, inlaying and polishiu|;,l)y which piety is supposed by some 
to be measured. Beautiful as are the St. Chapelle and the 
Chureh of St. G^n^vieve, at Paris, and the Hof Kapelle at 
Munich, it is impossible not to regard them rather as lesthetic 
triumphs, than as evidences of the devotion of the builders. It 
is very long since I saw the Chureh of St Maria Maggiore, at 
Rome, prepared for the midnight ceremonies of Christmas- 
eve; but 1 have a vivid recollection of the enchanting effect 
of the bright polished marbles and the gorgeous gilding, the 
crimson satin embroidered banners and the green festoons; yet 
the impression produced on my mind was that I saw before me 
the most elaborately beautiAil sttUe d danwr in the world. 

It is, I repeat, a principle of paramount importance that every 
building should be conformable in the character of its arehitec- 
ture to the nature of the purposes to which it is destined. There 
is in the treatment of odour in exterior arehitecture yet another 
consideration which must by no means be overlooked — viz. that 
treatment should always be influenced by the site of the build- 
ing. The genua hei must be consulted. The strong positive 
red of bricks, lor example, extending over any bulky object, pre- 
sents an unpleasant contrsst when surrounded by sreen foliage; 
and when tnese bricks are of a dark, dingy tone, they sink into 
the landscape, and the building, as such, loses proportionately 
its value. For this obvious reason stone is a veiy preferable 
material; wo must all have often had occasion to observe how a 
white building brightens up a landscape — how the white cottage 
sparkles in the distance when, set off b^ the surrounding deep 
green tones. It is true these white building may cease to m 
80 pleasing when they occupy too much space m the eve— -a great 
white mansion is always best seen when half-concealed by foliaoe; 
and this may sumst more artificial modes of subduing the in- 
lensitv and brewing up the monotony of these large white 



nwiea. IV>r this reasoii the intermiztiire of stone and bride k 
often &r preferaMe to the use wholly of one or the other. Bot 
the use or two qualities of stone, the one of lower tone than the 
other, is perhaps a still more unobjectionable measure^ provided 
the difference in tone be not too violent 

In civic arehitecture other special local considerations have to 
be taken into account There are in towns seldom any pleasing 
natural accompaniments to assist us. House is opposed to honso 
—each has to contend with the damaging eflfoots of its neighbour. 
In fikot, our most frequented streets present -for the most part * 
very inliarmonious medley of sizes, forms, and coloursi— like * 
Dutch concert, where eadi performer, it is said, pUys his own 
particular tune. Still, it is very questionable whether even this 
scene of confusion may not be regarded as less objectionable than 
the insipid uniformitv of some modem (German towns — such as 
Stuttgard, for example, where it would I4>pear to be almost im- 
possible for a man to know his own house from his neighbour's^ 
unless assisted by some private mark or some fiuniliar badfltt. 
The severest mUitary discipline seems to pervade even the ta^U 
tecture of the town, and tne houses are arawn up in array, like 
soldiera on parade. We might say of them — ^taking a little liberty 
with a well-known text-^ 

" House nods on house — eadi column has a brother, 
And either teiraoe just reflects the other." 

Such dull uniformity seems to me more offensive than the moal 
tumultuous disorder. 

In the arehitecture of towns and cities we are seldom called 
upon, as in rural situations, to subdue or neutralise any excessive 
whiteness. In the laige towns of England, at least, soot soon 
clothes the nakedness of a new stone building, and too effectually 
lowera its tone. This might susgest the expedien^, in sud^ a 
climate and with such an atmosp^re as ours, of avoiding the use 
of any coloured material of too low a tone. Those who mtve seen 
SchinkeFs elaborate work in deep red terra-cotta— the Bauschule^ 
at Berlin — will have regretted that so much intricate and beau- 
tifbl workmanship should result in producing so ponderous an 
effect light loses its quality of brilliancy, and shadows lose 
their force and distinctness, when the h^ade is veiled, as it werci 
in this monotonous deep tone. 

I think then that it will be admitted b^ all, that a certain 
amount of variety of colour in a piece of architecture of any con- 
siderable extent adds to its power of pleasing, by giving it spirit 
and animation. But it is in this as in most other mattera de- 
pendent on human judgment: the greatest difficulty — ^that which 
18 the real touchstone of talent — ^is to know where to stop, and to 
determine how far to carry this variety of colour. In some towns 
on the Continent we see washes of green, yellow, red, and other 
candy coloure used to an almost ludicrous extent; and in nothing 
does the Asiatic origin of a Ickrpe portion of the population of 
Bussia show itself more than m their love of eaily-coloured 
arehitecture, both domestic and ecclesiastical. At Moscow, near 
the Kremlin, is a church dedicated to St Yassil, whose fimtastic. 
and indescribable architecture is rendered still more barbaric by 
the brightest colouring up to the very summit of its hu;hest 
towen. The bulbous shaped domes that in singular profusion 
surmount the towera of the adjacent palace, or group of palaces, 
designated the Kremlin, glitter with sold and paint; whilst the 
iron roo& throughout the city seem m1 to be green or red. In 
their country houses too I hear of an excessive use of bright 
greens and reds. These are it is true the excesses ever attendSLnt 
on an uncurbed, uncultivated taste; but perhaps on that account 
they the better illustrate the natural tendency of all minds, both 
the wise and the simple, to derive pleasure from colour. . 

Let us however be moderate in our indulgence of this pleasure, 
and let us be discreet in the manner as well as in the measure of 
our indulgence. My own predilections are certainly in favour of 
almost Umiting the varieties of colour on the outside of a building 
to those which are afforded by the natural hues of the materials 
themselves. I feel averse to resort in exterior architecture to 
the use of- artificial colouring, except for temporary or experi- 
mental purposes, when of course the practice is quite admissible; 
but I would never willingly resort to painted external decorar 
tions as permanent work---4f indeed any work so executed can be 
celled permanent Where oil. is the chief vehicle adopted for the 
colour no doubt it resists the weather for some time, even for many 
yean perhaps, although its purity and brilliancy may speedil^ 
depart; but if oil-painted ■ decorations be objectionable for their 
deficient durability, how infinitely more so are the ephemeral 
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deoontiomi of other pigments. I well remember, when at 
Mmiieh, my mat eonoem to find that, hy casnally leaning 
agiinat the wafl of a mat public building, I had transferred on 
to my eoat no inconsiderable portion of its Pompeian omamenta- 
tioii. I hope we shall never be driven, by the urgency of other 
demands on the public purse, to resort to such means of beauti- 
^ing oar public buildincs. There, at all events, let our colours 
bHiiBturaL Nor will ^is obligation impose on us anyineon-* 
i^enlent limits. Nskture is rich in coloured materials of various 
hoar, we have in common building stones a wide range, from 
red sandstones to chalk; and our marbles are almost endless in 
tbeir ▼arietv of colour. 

I would however except from this condemnation of artificial 
colourinff one most important source of beauty. I refer to thoee 
eaiihs that, by burning and vitrification and by chemical pro- 
cesses, aro brought to the condition of naturally coloured 
sabstancea There need be no apprehension as to their per- 
manent; they will outlast most stones, and their colour never 
finis. I have already adverted to the use of this artificial ma- 
terial, and I now only remind you of it to show what abundant 
means we possess of colouring our architecture without resorting 
to the paint-brush and to the wash-pot 

I have now touched upon most of the salient points of the 
snbject to which I have appropriated this evening. I feel too 
well aware how little can oe efiected within the narrow compass 
of a sinsle lecture; but I believe the value of such remarks as I 
may address to you depends wholly on their suggestive nature. 
Whatever truths there mav be in the thoughts expressed, they 
aiv wholly inert and valueless unless they are made by you the 
groundwork of further thoughts, and excite in your mind a desire 
to pursue farther the inquiry into the subjects touched upon. 
The seed that falls upon barren ground will take no root, and 
be productive of no good result; whilst that which falls upon 
good ground is at once kindly received, and springs up and 
brings forth fruit, some twentyfold, some fifty, and some a hun- 
dredfold, according to the richness of the soil, and to the care 
of the husbandman. 

To quicken the energy, to smooth the path, and to facilitate 
the progress of the really studious learner, is the anxious desire 
and aim of this Academy. You will accept this my assurance, 
that the student who in his earnest exertions to improve him- 
self shall seek such aid and advice as I feel myself competent to 
give, will find in me no grudging or unwilling, but rather a 
most ready and cheerfbl adviser. 



THE EXHIBITION OF 1862 VIEWED IN CONNECriON 
WITH AKCHITECTUBE. 

It is gratifying to observe that the architectural societies are 
begrinning to direct the attention of their members to the neces- 
sity of takinff care that their Art be worthily represented in the 
Exhibition of 1862. The Architectural Association have passed 
unanimously a resolution to the effect that it is desirable that the 
various bodies of architects throughout the kingdom should 
oo-operate to secure a good exhibition of architecture, and they 
invite other societies to lend their aid, expressing at the same 
time their own readiness to take their share of the duty. A few 
days later, at the Boval Institute of British Architects, it was 
announced from the chair that the matter had already long had 
the attention of the council; and it was requested that members 
would favour the council with their suggestions. It now remains 
to be seen first whether the various provincial societies will 
respond to the call thus made upon them by their London 
brethren, and then whether an^ active and concerted measures 
cannot be brought about worthily to accomplish this end. 

Never was there a time when the interests of architecture in 
this country could have been so well served by a great public 
exhibition as now they can; and never, periiaps, was there so 
much worth exhibiting as has been recently produced in this 
ihiy— certainly never since exhibitions began. We have just 
revived our national style of architecture. The noble pile at 
Westminster, which must always remain a central monument of 
that revival--as St. Paul's will msLrk the culmination of the 
Classic Benaissance amongst us — is but just completed; and now 
that we are launching on an era of noveliee, tentative efforts, 
adaptations of foreign features, and striving after a new and a 
characteristic manner of building, it behoves us more than ever 
to keep together, and to embrm every opportunity of looking 



at one another's works, and trying to harmonise our various 
procedures and methods of design. 

The great progress that was made in the best times of t^e 
middle ages rose from the fiict that all men were then working 
in a common direction, and the efforts of the individual tended 
to advance the progress of the community. Have we not too &r 
departed from tnis practice in the present day? and, with all our 
facilities for travelling, our public societies, and our professional 
journals, does not England alone present tenfold the amount of 
division that Europe exhibited in the matter of architecture in 
the thirteenth century ? 

If, without any sacrifice of the right of private judgment, or 
any loss of the spirit of desi^ in individual artists, we could only 
manage to fuse our efforts into something approaching a united 
move in one definite direction, we might hope to advance rapidly 
towards a style worthy the name of " Victorian Architecture'' 
— a title of great pretension, and which the public is just now 
being called to apply to the works of a very markedly sectarian 
section, if the word may be allowed in a secular sense, of the 
modem school. 

Nothing could better contribute to this ' progress, and could 
more awaken the public mind to the value of good architecture, 
than an exhibition by means of drawings, models, photographs, 
casts, and all possible methods, of the best works of architecture 
that have been executed or designed and worked out for execa« 
tion during the last few years. We even believe that if the best 
works only of the two schools which have alternately enjoyed 
public favour, could be collected and exhibited in chronolc^cal 
order, much more unity of purpose among the leading mem- 
bers of each school, and much more assimilation between the 
two schools, might be traced than at first sight appears. 

The course of the Gothic Revival began in antiquarian re- 
search, and was continued by progressive efforts, each tending 
to produce a more correct reproduction of some past detail or 
style than before; it then, advanced to the mastery of its 
materials, began to design, although only within the limits of 
archeeological propriety; and now, seeking its manner of work- 
ing in sll styles — Continental as well as British — and pro- 
curing its material from al^ sources, those unfolded by modem 
skill and science no less than those hallowed by ancient prece- 
dent, it is making daily progress. This course, we repeat, intel- 
ligently represented, would exhibit a far more consistent and 
steady progress than has been by many supposed to have charac- 
terised it, and would probably be much aided in its future 
advances ^ such opportunities for reviewing its past history. 

No less would the less connected thread of the history of 
Classic architecture, commencing from where we replaced the 
architecture of the Parks and Begent-street by attempts but 
partially successful to imitate the inimitable finish of Greek art; 
from which we were led back by Oockerell and Barry to those 
adaptations of Italian art which in their refinement and dignity 
combined must always rank high among the architectural 
achievements of the centbry: — ^no less would a series demon- 
strating this history grace the walls of an exhibition where 
Enfflishmeu ought to teach themselves and show to others their 
real position in the history of the fine arts of modem Europe. 

No effort ought to be left untried to secui*e a fine collection. 
Probably the best hope is from a series of photographs of build- 
ings themselves, illustrated when practicable by photographic 
reductions of plans, sections, and other architectural drawings. 
But it is to be hoped thai such photographs will be on a much 
larger scale than the very moderate dimensions with which our 
English photoffraphers seem contented, and in which they 

3uietly allow themselves to be surpassed by both French and 
talians. 

Photographs alone however will not suffice; good views, of 
which an enormous number exist in the possession of architects, 
will, if fidthful, be of ffreat value; and so above all will models. A 
model, and a model only, shows the perspective changes that mani- 
fest themselves on walking round a building, or (when the model, 
like'that of Wren's design for St. Paul's, now at South Kensing- 
ton, shows the interior also) in passing through it Such changes 
are as much a part of the artistic excellence of a building as the 
complete grouping of a piece of sculpture when viewed on all 
sides is a proot of the sculptor's skill; and on this ground, if on 
no other, the exhibition or architectural models ought to be en- 
couraged. 

Lastly, all this reauires time. There exist or can be created 
abundant materials for the formation of sndi a gallery as we wish 
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to Bee; but the diaoovering theiDt and arrangiag and preparing 
for their reception, promisea to be a more difficiik and leugtby 
tivak than that of arraDging tbe prelimiDariea forna exhibition of 
patntinga. We therefore hope that qo time will be lost in making 
a gooil commencement, ana in ibll owing it up witli energy and 
determi nation. 



BRIDGES OF CAST STEEK 

We extract tbe following from NouveUes Annales de la Con- 
st ruction ^ a French periodic^, to which wo shall have oocaaion 
again to i^fer:— 

** lo pnjportioo as mabedali arc perfected and rendered more homage- 
neons^ It Ijecomci possible to oxtend tbQ gencml ilimieniuotiii of tbe ohjecUi 
manufactured from tbem, and at tbe atuac time tu diminiah tbe ral^ 
tive eection of their coropoTient memlnera, so that tho mn»terial0 support 
a gt&ktisr numlier of pfjunds weight per superficial inch." 

After showing tbe gi'^at superiority in actual strength pog- 
aeaaed by cast steel over caat and even over wrought iron, tho 
writer continues — ■ 

*' For some yean past tbe manufacture of cast steel has been extended 
in a remarkable maimer. Cauaiderabk manufiw;tories have been esta- 
bliahe^l for this object, both in England and on the backs of the Rhine, 
and even in France. But wheel tires, springs^ axles, roJa for pumps 
for mining purposes, cannons, and some other speciid applications, have 
been the only prt>ductH which, up to the presimt day, have been mauu- 
faetuiiDd in the ooorse of trade. Why ehi^juld not the exeeution of 
bridra and rotjfs of great sjian be attempted in rjwt steel t It is only 
the flnrt step which it is difficnlt to take in any sort of progrMs, When 
rme application of thiA matt rial ha^ been made, it is more than probable 
that the HDCcesa of it will bti followed by others; and then we shall soon 
see engineering works executed to span rivera, YaUejw, aims of the sea, 
more vast and more daring than those hitherto familiar to us. Spans of 
200 or 300 metres {&50 or 10 00 feet) will became ordinary^ and will pre- 
sent no other difficulty than that of fixiiig." 



NEW CHURCHES. 

There are now twelve new churches in pro^rress in London 
and its auburbs, and severed otherB projected. One now in pro- 
gress, situated in Bald win^a-gard ens, at the rear of the eastern 
side of Gray's-inn lime, from tbe great merit of its design re- 
quires particular notice. The neig:hbourhood in which it stands 
is one of the most immonii in tlie metropolis, and wbere the 
beuetits of religious instruction are sptjcially needed. A portion 
of the sacred edifice occupies the site of the once notoriou^i 
"Thieves* Kitchen." This large, costly, and peculiarly-designed 
chnrch is now in an advanced state, the exterior being nearly 
completed, together with a parsonage and sexton^s house on its 
southern side. Brick is employed in the construction of the 
walls both externally and internally, thei*o being no pbster 
used internally except in the aisles and beneath the large west 
windows of the nave. Tbe arches and oolumns are of stone, the 
l&tter having moulded caps and bases of highly effective section. 
We did not perceive, in our brief survey of tho interior, a single 
sculptured enrichment of any kind introduced. The interior of 
the church is exceedingly imposing, arising from its great lieight 
(81 feet); and alreatly produces a warm and pleasing effect by the 
judicious introduction of coloured brick, in red and black liori* 
zontal bands, and lozenge-shaped forms. The eastern half of 
the chancel, both east end and side walls, is to be lined with 
ah^baater; that on the eastern wall divides itself into large fianeU, 
in which are to be painted various subjects, beginning from our 
Lord's Nativity, and ending with the Day of Pentecost, in the 
upper com|>artment. The interior faces of the walls of the 
north and south aisles have arcades formed on them by ii 
series of pointed arches, supported by red StalTonlshire clay 
shafts, standing clear of the recessed walls, producing an admira- 
ble effect; &imilar shafts also carry the nave roof. The spandrels 
between tho arches are i^lieved by deeply sunken moulded 
quatrefoils. The eonstrnctive timljers of the roof are seen. The 
walls have horizontal bands of red brick and stone, diverailied 
with chequered work in red, the general groundwork being 
yellow; the whole produciog a highly pleasiug impression, with- 
out the coldness of either stone or plaster. The edidce possesses 
many of the admiraVjle peculiarities of treatment an<l detail 
nsuiilly intro<iiiced in ediiioes of this kind by its architect^ Mr. 
Butterficld. The contractor is Mr. George Myers. The ohmrah 



is expected to bo consecrated about the middle of the ooming 
summer. It has been erected at the sole cost of Mr. J. O. Hub- 
bard, M»P,p whose praiseworthy act will, we trust, be very muo- 
ceasful in improving the moral oondition of tbe inhabitants of 
the district 

A fine church is in progress in Hanger-lane, Stamford-biB, 
from the designs of Mr. J. Talbot Bury, architect The style is 
Early Decorated Gothic, Tho materials employed are Kenlisb 
rag stone for the plain walling, and Box hill Bath stone for the 
dressings^ and portions of the tower and spire. The church is 
crucifnrm in plan. The nave is 73 feet long by 23 feet wide, 
and 53 ft. G in, high from the floor to the ridge; the aisles being 
of the same length, and each 12 ft. 6 in. wide. The ©astern end 
of the chancel is semi-octagonal* and on its northern and southern 
sides are a vestry and organ chapel. The tower, which is 16 feet 
square externally at the baue, is pkced at the south-western 
comer; it will be W feet in height, surmounted by a well-pro- 
portioned spire, which, when complete, will give a total height 
from the ground of 125 feet The principal entrance poixih is at 
the north-western corner. The nave is separated from the aislea 
by a series of pointed arches. The chancel will be somewhat 
elaborately decorated in colour. The mouldings of the internal 
pUlars, shafts, and arches, are all of stone. The roofs display 
their constructive timbers, which, with the open ornamental 
seats, are to be of stained deal Attached to the church will be 
a commodious parsonage, finished externally with brick facings, 
having characteristic stoue dressings. Tbtt contractor for the 
whole of the works is Mr. Myers. 

The foundation-stone of the Church of St James the I^es, 
Upper Gardenatreet, Westminster, was laid in tbe spring of 
1860: the structure comprises a nave, side aisles, north and south 
transepts, and chancel. Tho roofs of the chancel and apee ar© 
groined in stone and brick. Three pointed arches on each side 
divide the nave from the aisles, the vouaaoirs of which are formed 
in black and red brick. The walls &ve lined to a height of 4 feet 
witli Minton's encaustic tiles, an J tbe floor of the chancel is laid 
with coloured tiles in geometrical pattern. The total length of 
the interior in the clear is 94 feet, by a width of 51 feet The apee 
is circular in form, having a diameter of ^0 feet The tower is 
20 feet square, aiid carried up to a height of b7 feet, surmounted 
by & spire, 45 feet high, of timber covered with slate. This edifloe 
is of brick and atone both ouUide and inside, although in aoma 
instances more curtly materials are introduced, as Devonshire 
marble for tbe columns, &c The carvings in stone are of a moet 
elaborate and characteristic description, fiaelv rendered by Mr, 
Pearse. The structure was designed and is being executed under 
the superintendence of Mr. G, E. Street; and is, we understand, 
erected at the sole cost of two daughters of the kt« Bishop Monk. 
Mr. Myers is the c<rm tractor. 

The church of St Mary, Hornsey Bise, of which the founda- 
tion-stone was laid on the 2yth of June last, is now in an 
advanced state. The plan of tho editice is cruciform, and com- 
prises a Dave, chancel, north aud south aisles, and ti-ansepts, 
The tower is at the south-west angle. The pkin fiiciugs of the 
external walls are of Keutish ratf, and the doorways, string- 
courses, copings, tmcery, labels of windows, and quoins of the 
supprting buttresses are of Bath stone, The style is Decorated 
Gotliic, of the fourteenth century. The chuitih has been erected 
from the designs and under the direction of Mr. A. D. Go ugh, 
architect; the contractor Ijcing Mr, G, J. Carter. 



ON GAS ENGINEERING.* 

By Da\io Laidlaw. 
The importance of the branch of engineering relating to illo- 
mioating gas will be freely admitted, when it is atateil that the 
eatimat^ capital employed in the manufacture and distribution 
of this now most necessary source of artiticial light is upwards of 
£ZO,(n)0,{XK); and to this large sum must be added the capital 
employed in mining and conveying coal, in iron and brass found- 
ing, and in the various branches of business in connection with 
these, which give employment to many thousand individuals. 
Again, when we take into consideration the immense demand 
for artificial light, and which eould not have been supplied had 
we Btifl to depend upon oil and candles — -the estimated quantity 
of eoal consumed being about 3,500,tKXl tons* and the inoom« 
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der&r«d from gas ;^,000,000y aiiniiall]^— it is evident that tbis is 
ft bnmeh of engiiieeriDg that requires careful study aud attention; 
whilst the more thoroughly the manufacture of ga^ is understood 
the better and dieaper wiu it be supplied to the public 

Qas liflht is comparatively a modem invention; for, although 
laflammaple gas issuinff through fissures from coal or other car- 
bonaoeotts matter has oeen luiown frx>m the earliest ages, and 
altiiou^ a few experiments had been made on coal gas as early 
a* the Dinning of last century, it was not until the year 1790 
that Mr. William Murdoch (who at that date resided in Cornwall), 
havinff had his attention cedled to inflammable gnto issuing from 
& neighbourinff mine, made several experiments in distilling gas 
from coal, and in 1792 conveyed tubes through his dwellinfir- 
house and office, and was the first who succeeded in practically 
introdudng this most invaluable discovery. In 1798 he lighted 
with gas a portion of the Soho works, Birmingham; and early in 
this century a few private works were erected for lighting manu- 
fiietories. Comparatively little progress however was made in 
the extension or gas-lighting until aiter the year 1814, — ^do doubt 
owing to the many difficulties that had to be contended with in 
manufacturing and purifying the sas, and also to the cost and 
insufficiency of the fittings; but the great improvements that 
have taken place in all these departments, and which have also 
reduced the prices, have for many years past rendered it indis* 
pensable. Not only is it used in our large cities and towns, but 
also in palaces, country mansions, and dwellings of all classes; in 
oar sbojps, warehouses, manufiictories, and streets; and also in 
our manufacturing processes to a considerable extent Nor is it 
confined to towns only, but many villages, some with less than a 
hundred consumers, possess it; and these works, when properly 
constructed and managed, yield not only a superior light at a 
cheap rate, but good dividends to the shareholders. Glaseow, 
as might be expected from the enterprising character of its 
citizens, was amongst the first to erect public gas-works. A 
charter was obtained in 1817; the works were constructed by 
Mr. J. B. Neilson, and for many years were managed by him. 

It was suggested by our president, that the writer should in 
the present paper give his experience of gas eueiueering in 8t 
Petersburg. As the contract there is not nearly completed, it 
will in the meantime be sufficient to mention tliat it embraces 
600 retorts, with all the necessary purifying apparatus, steam 
engines, four telescopic gasometers, each 100 feet diameter and 
40 feet deep, and two 60 feet by 40 feet deep, together with iron 
roofs, station meters, &c., and about 10,000 tons of main pipes, 
from 3 to 36 inches in diameter, besides many hundred lamp- 
poets. In September last a very successful start was made, and 
gas was distributed through upwards of fiO miles of main pipes 
chiefiy those of the larger sizes. The city is built upon the banks 
of the river Neva — three canals intersecting the city. These 
have all to be crossed at numerous points, the pipes being taken 
below their beds. This is a tedious work. The inclemency of 
winter in that region requires to be duly guarded against: the 
oottdeosers, purifiers, and every portion of the apparatus, in- 
dudingj the gasometers, must be' placed in houses, with the means 
of heatmg them. The pipes are all laid 5 feet beneath the pave- 
ment; and, as it is almost impossible in any part of the city to 
dig more than 4 feet without being inundated vdth water, the 
engineering difficulties are not trifling. But above all, the 
greatest difficulties to contend with are the theoretical opinions 
of the Kussian military engineers; the delays in getting any 
matter decided upon, and the innumerable obstacles presented 
by those whose duty and interest should be to promote expedi- 
tion; and also the very short portion of the year (about five 
months) in which out-door work can be carried on.' 

The first dutv of an engineer on being employed to erect a gas- 
work is to endeavour to procure the most suitable site. This 
should be chosen at or near the lowest part of the town, and, if 
possible, should have communication with a railway, river, or 
canal, to lessen the cost of conveying coal and other materials 
into the works. Ample ground should be secured not only for 
present but future wants. The efficiency and economical ma- 
nagement of many gas-works have been neutralised by selecting 
too small a piece of land, with the view of saving the cost of a 
few hundred yards of main pipes; and hence additional giouud 
has to be secured at an enormous cost, or additional worlu have 
to be erected at an opposite side of the town, which necessarily 
greatly increases the annual charges by a double management 
and other expenses. 

The next duty of an engineer is to arrange the various build- 



ings with a due regard to convenience and economy in working. 
In all manufactories where the routine is daily the same a 
saving of much labour may be effected by proper arrangements, 
and uie annual charges on the business consequently greaUy 
lessened. In the plans made out by the writer for the works in 
St Petersburg particular attention was paid to this. The coal 
stores were in connection with the retort houses; but the Russian 
military engineer, Col. von Okie, who was appointed for the 
building department, altered this arrangement, and placed the 
coal stores at a distance of twelve or fifteen yards; and the supply 
of coal has first to be deposited in these, and then wheeled across 
to the retort house for each charge of the retorts, thus entailing 
an enormous unnecessary annual expense. 

The buildings should be constructed either of stone or brick, 
whichever is cneapest in the locality. A few years ago, when 
the writer contracted to light Gibraltar, the governor, Sir James 
Ferguson, allowed him to take all the stones required merely for 
the expense of quarrying them. A calculation was made of the 
cost of hewn-stone walls and cast-ii'on walls; and it was found 
that, although labour was nominally cheaper there, as in most 
places abi*oad, than in this country, it was in reality more 
expensive, on account of the small amount of work done; and 
that the principal buildings could be erected of cast-iron, of a 
more elesant design, and at less cost than with stone; and 
accordin^y this was done. The writer has also, in erecting 
some works abroad, used cast-iron framing, and filled in the 
spaces with brickwork, which makes a very strong and durable 
structure. The retort and purifying houses should all have 
roo& with iron rafters covered with slates ox otiier iucombustible 
material. 

The first portion of the apparatus is the retorts. These are 
made of various forms and different materials. Cast-iron was 
exclusively used for many years. Some eiigineei's have used 
wrought-iron retorts, and Mr. King of Liverpool used some made 
of cast-iron with wrought-iron tops. During the last twenty-five 
years fire-clay retorts have been extensively introduced, and are 
now very generally used in large gas-works. The introduction 
of fire-clay retorts gave rise to much discussion between gas 
engineers on the respective merits of iron and clay retorts; but 
the writer has no hesitation in saviuff that uo gas-work should 
have clay retorts, except those which have a sufficient number in 
use to pay the expense of keeping a steam eumne and exhauster 
at worK. Another kind of retort is built with fire-bricks : these 
are about 20 feet long, 5 feet wide, and 18 inches high. Retorts 
of this class however are used in very few works. The writer 
prefers the cUy retorts for large works to be 18 feet long, 18 or 
20 inches wide, and 12 inches deep, with a lid and ascension pipe 
at each end. 

The construction of the ovens, and the number of retorts that 
should be placed in each, have also been much discussed: some 
engineers prefer three, others five, some seven, and others even as 
many as nine. Some engineers use clay and iron retorts in the 
same uven, but the great object is to carbonise the coal in the 
retorts with as little expenditure of fuel as possible. 

In old gas works the ascension pipes and bridge pipes used for 
conveying the gas from the retorts to the hydraulic main seldom 
exceeded 3 inches in diameter, and were easily closed up. Now we 
make the ascension pipes 6 inches at the mouthpiece, Upering to 
5 inches at the top, and the bridge and dip pipes 5 inches. Gas 
should not be retarded on its passage through the apparatus : all 
pipes and passages should be of ample capacitv, with as few 
bends or knees as possible; and all knees should have flanges 
that can be taken off for cleaning the pipes. 

From the hydraulic main the gas passes throngh a condenser, 
where it is freed of the tar; it then passes to tlie exhauster, a 
species of pump, which draws the gas from the retorts and forces 
it through the purifying apparatus, and thus reduces the pressure 
in the retorts. It next passes through the wash-vessels, or scrub- 
bers, which free it of ammonia, and next to the lime purifiers, 
where it is freed of the sulphur. To the various methods of 
purifying gas it is unnecessary here to allude, whether by wet 
lime, dry ume, or a combination of both, or by the use of oxide 
of iron or other chemical substances. Wet-lime purifiers are now 
rarely used, in consequence of tlie inconvenience of the mixture 
of lime requiring to be kept in constant agitation: they also 
greatly increase the pressure, and there is great difficulty in 

Sting rid of the lime-water. In conseauence of these objections 
' lime is now almost universally used. The most convenient 
arrangement of dry-lime purifiers is in sets of four, with the 
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oh&nge valve iti the oentr© so made that tliree purifiers are always 
at work, leaving the foarth diBengaged to be prepared wiUi fresh 
lime for use; each purifier is thrown out of ns^ in succession, aa 
the lime geta saturated with Bulphur. In this arrangement the 
gas passes first through the foulest purifier, then the aecood, and 
lastly through the pure lime. Purifiers have been by some 
engineers enlarged to a most inconvenient size of late. Those 
vowels should not however exceed 12 feet square, whilst there 
should be a suthcient number of sets for the quantity of gas 
that has to be purified. From the purifiei-s the gaa should in all 
OMes pass through a station meter, which registers the quantity 
made, and from it t<i the giu^ometera or ga^^holderB. 

In large works the gas- holders are now geoei-ally ma<ie tele- 
spopicy aa they hold nearly double the quantity of gas that the 
siDgle-lift holders do in the same siie of tank ; they are more 
economical in Gonstruction in proportion to their cubical cout-enta, 
and occupy less ground. The largest ga*-liolder in Scotland, and 
that the writer believes has yet been in full operation anywhere, 
was lately erected in Glasgow, under the superintendence of 
Mr, Bartholomew, engineer to the City and Suburban Gas Com- 
pauy. 

TnnkB for containing the gas-holders are frequently a source 
of grsat annoyance and expense to gas companies, and in their 
o<mstruction the utmost skill of the engineer is often Uxed. 
When the ground is firm, stone or brick tanks are easily made 
water-tight when well built, and puddled with clay carefully; 
but when the ground is soft or marshy, it is often next to im- 
possible to construct them, except with iron; and when of large 
diameter the author prefers to make them on the annular prin- 
ciple: these do not require the entire diameter to be excrwated, 
and a comparatively small foundation of oonorete or other ma- 
terials is required* 

When making plans for St. Petersburg, the tanks, which are 
102 feet in diameter, were designed on the annular principle, 
being best adapted for the marshy soil of tlaat capital. The 
Bnssian military engineer already alluded to» however, insisted 
that he could make brick tanks for one-half the price of iron 
ones, and he was allowed to build one. The result was that it 
cost «in immense sum mi>re than the estimate for the iron one, 
and, being a complete failure, an iron one had to be placed inside 
of it, — a proof to the directors that Russian theory was much 
more costly than British practice. 

A source of very great loss to gas companies is the conden- 
sation and leakage of the gas in the sti^et mains. In some 
instances as much as one- third of all the gas manufactured is 
thus lost; and the writer believes that the average loss is not 
under 15 per cent., and in no case under 10 per cent., although 
some gas managers have stated a less quantity. This is a depart- 
ment which should have the engioeer's careful attention, and 
much may be done to lessen the loss; but to bring it down to 
I per cent, is an im|x>8sibility, for a much greater loss must 
occur from oondensnttou alone. The quantity and sizes of the 
pipes, in proportion to the amount of gas eonsumeil, must also 
materially affect the amount of loss. When the towns are com- 
pact and the consumers close together, the loss will be smaller 
than when the consumers are Acattered at a distance from each 
other, aa often occurs in small towns. Much however cim be 
aocomplished to reduce the loss by the sizes and qualitv of the 
pipes, and the way in which they are jointed. When the main 
pipes are too small in diameter to give an ample supply of gas, 
a neavy pressure must be put on at the gas-h older to force the 
ffts quickly through the pipes. The pressure should not exceed 
m levftl towns 1 inch of a column of water; but it in some towns 
exoeeds 4 or 5 inches, the loss of gas increasing with the pres- 
sure. All sizes of pipes, fn;>m l| inch upwards, should be cast 
vertically in dry sand moulds; pipes thus made are free from 
porsfl, and the metal is closer in the grain than when cast in 
green sand, and on an angle or bank: for although the latter 
quaUty of pipes will stand the test of the hydraulic press, yet 
Uiere is no doubt they do allow gas to escape through the pores 
of the metal. It is a well-known fact, that where gas pipes have 
lain for a number of years, the surrounding earth is impreg* 
Dated with gas to a coostderable thickness. Another cause of 
loss freqnenuy arises from the pipes being made thin and light, 
and in some soils they are very soon corroded. This is false 
economy. The methods of jointing pipes generally adopted are 
those with spigot-and-faucet packed with hemp or rope yam 
and lead, and spigot-and-faucet bored and turned joints. The 
latter kind, when properly madey have the advantage of being 



quickly laid, as the joints only reqnire to be coated with red lead 
paint, and knocked home with a mallet. They make a very 

perfect joint. 

The quality of the gas is a very important matter, and in- 
quires careful attention. The chemical teats are now well known 
and easily applied. On the quality of the coal depends in m 
great measure the illuminating power of the gas. Cannei coal 
yields tlie largest quantity and the richest quality. Tlie price of 
gas should be regulated by its iUuminating power. To compare 
the gas of one town with that of another by the prices charged 
per 1000 cubic feet, gives no true result, because the illuminating 
power of the one may be double that of the other. 

Gases are sometimes tested by comparing their specific gra- 
vities; but as this may be affected owing to the presence of car- 
bonic acid or atmospheric air, this method is not a sufhcient 
test, and the photometer test is therefore preferred, as by it the 
quantity of light actually yielded is measured. 

The meter by which the quantity of gas used by each con- 
sumer is measured and registered^ is a most im^irtant instru- 
meut Previously to its invention in 1816 by Samuel Clegg, 
recently deceased, each burner was charged for according to a 
scale of prices, and had to be paid for whether in constant use 
or not With the meter the consumer only pays for the quantity 
of gas he actually consumes. This instrument therefore has 
been the means of greatly extending the use of gas. There 
are two descriptions of meters in use, generally known aa 
"wet" and "dry" metei^ The accurate re^^nstration of the wet 
meter is determined by maintaining the water at a fixed level. 
The legislature have had this matter before them for nearly 
two years, to the very serious loss of the trade, and have passed 
an act, which cannot be carried into operation, and which 
act has been suspended until further information is obtainfed. 
The arrangement of the front box of the meter was introduced 
by the writer in the year 1844, to obviate an objection that 
existed in nearly all meters, which was that the water could be 
raised above the true level, and thus diminish the measuring 
portion of the drum — to the loss of the consumer. In ihc meter 
referred to it was rendered impossible that the indication could 
ever be greater than the actual quantity passed thniugh; and 
for this reason the City and Suburban Gas Company adopted it 
at the time they commenced business, and !mve nince fixetl up- 
wards of :J:>,OiKi. No gas can be extracted frum these meters 
without being registered; gas companies may, however, be losers 
to the extent of two or three per cent, of gas, owing to the 
evaporation of water from the meter befi^re the valve closes, bat 
the public can in no case suffer, Mr. Allan, of Perth, took out 
a patent about eighteen months ago, to convert the space in the 
front box of the meter, above the water line, into a reservoir for 
water to supply the loss by evaporation. By means of tubes the 
water is taktn'frora the reservoir to the back part of the meter, 
into the chamber in which the drum works, and supplies any 
evaporation that takes place. By a very slight alteration udou 
the writer's meter, he has, with Mr. Allan's concurrence^ taken 
advantage of this reservoir, aa shown in the meter exhibited 
to the meeting, and the simf>licity of the arrangement will \m 
observed. Sevei"al trials were made by Mr. King, of Liverpool, 
and the results were so satisfactory that he has adopted the 
arrangement. The Liverp«^»ol Corporation Inspector also made 
sever^ trials on a five-light meter on this plan, the i^eault of 
which was also very satisfactory j showing that, after abslractiug 
80 cubic inches of water, the pegistn\tion only varied *2d per 
cent. 



RAILWAY TROM ANCONA TO BOLOGNA.* 

The railway from Ancona to Bologna constitutes the principal 
artery of the Komagnas (the Jlarches, Umbria, Emilia, and the 
former States of the Church). This line will on the one hand 
unite these rich and beautiful countries with Central Italy, 
Parma, Venice, Milan, and Turin, and, prolougfHl on the 
other hand from Ancona to Rome, it may become the principal 
thoroughfare of the future capital of the kingdom of Itjjly. 

The earthworks and engineering works are making rapid 
progress. The stations and termini are commenced, and will be 
carried out by Messr**. Opperman and Co., on the economical 
models adopted by the railway company, in concert with the 
general contractor, S, de 8?ilaman ca. The whole series o f 
* Vnm IfomdUi Anmtlts cf# la Oofmtfittth*, 
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«ighte«i tsrmioi and stationi comprises about 190 various baild- 
ings, which must be oomfdeted at most within one year. The 
Rsneral system of eonstraction is of brick and hollow tile, with 
woings of cement and plaster in panels. The cornices and 
atnnff-conrses will be decorated in brick. The whole of these 
buikfings will thus have a character quite in harmony with the 
arduteotore of the country, where all is brick, finom Uie leaning 
towers of Bologna to the richest palaces, and where the hnm- 
blest dwellings offinr an infinity of combinations of this material 
and om«iaez£il tenft-oolUfc. 



to be very small indeed. Probably, as is nsna], the troth lay 
between the two extremes. The &nltB of the building, as it 
seems to us. consisted principally in matters of detail; and some 
of the details certainly displayed a deploraUe want of taste. We 
are fEuniliar with vulgarity in the architectural treatment of 
cast-iron; and the heavy ungainly forms which that material was 
made to assume in the great Hyde-park building gave no reason 
for hoping that the proper treatment of cast-iron as an are hiteo- 
tural material was becoming better understood. ..T^^ 
Tf thfi fiiitpiitrr *^^^^' ' ^ '** •——■ 




«niiMue^ 



D« K. ~* .M-fWifUKS^s arising from bringing larse por- 

tions oTtho civilised world into peaceful intercourse wiUi each 
other. The preiMirations for another like Exhibition in 1862 can- 
not therefore udl to command very general interest, and to the 
professioDal classes whom we address the construction of a build- 
ing so vast, and having features so ^uliar as must necessarily 
bdong to a building of this kind, is an event of no ordinary 
importance. 

Of course in examining the architectural character of the new 
building comparison with that of 1 85 1 is inevitable. That building 
certainly received its full share, and more than its share of com- 
mendation. Influenced by the excitement of novelty or by the 
popularity of the Exhibition itself, many writers attributed to 
the building merits which a more sober judgment would have 
hesitated to assign to it. On the other hand there were some 
few eminent critics, including Mr. Ruskin, who thought the 
amount of tuste and invention displayed in the building of 1851 



ouildint .^ . 

„ under two domes, fit our judg ni — ■ JW" ' 
^^icrossing a nave at its end, and therefore 

^ only three directions, is likely to be &r less 

imposing than that of a transept intersecting the centre of a 
nave, and there commanding views in four directions. .Ajid as 
far as precedents can be cited on such a subject, they are all in 
£svour of this opinion. The cruciform disposition of the transepts 
is adopted not only in the Medieval cathedrals, but also in a 
vast number of great churches in which the forms of Boman 
architecture are adopted, and in many of the most celebrated 
oriental edifices. 

In the intended building the spaces beneath the two domes are 
octagons. The domes are proposed to be vast glass structures^ 
200 feet in height internally, and with the finials 250 feet exter- 
nally. These enormous domes, exceeding in sise those of St. 
Peter's and St. Paul's, have been regarded as among the best 
features of the design. To us they appear to be among its worst 
In the first place, their position is indefensible on the ground 
of architectural taste or structural propriety. It is easy enough 
to call any stiuoture ugly, or the reverse; and tile misfortune 
in matters of taste is, that very fluently no better reason 

2i 
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can be ff^ren hr the judgment upon them than a oeriaia percep- 
tive faculty which the critic assumes (and frequently wrougly 
assumes) to be the same io himself and Uiose whom he addressee. 
Much architectural oriticLuu is of necessity addresaed to thia 
esoteric feeling or taste, and not to tlie reasoning faculties. But 
in the present instance we may very safely appeal to the latter. 
Consider for a moment what every dome or spire is intended to 
represent: it is nothing more than an elevated roof We cannot 
doubt that the spires of our churches had their origin in the 
elevation of the roofs of towers. The tower of an old Norman 
church, instead of having a ridffe roof like the nave, would natu- 
i*ally be covered in by a pyramidal roof with a low apex. These 
roofs were gradually built higher and higher, and the spire of 
Chichester, or Salisbury or Kchfield, was no more than a de- 
velopnient of the low tower roof of which examples abound in 
our Norman churches. The same remark applies to domes 
both in Oriental mosques, and buildings like St. Peter's and St. 
Paul's. This then being the origin of domes and spires, we 
liave to consider their necessary position. Universally — without 
a single exception in any structure of the slightest importance—- 
the position of a dome or spire is upon a tower, or a structure 
answering the purpose of a tower. The spires of cathedrals are 
placed eiUier on towers at the west end, or as at St. Paul's^ on a 
drum or analagous structure rising above the main roof of the 
edifice at the intersection of the cross. That is to say, there is 
no instance of the continuity of the roof being broken by domes 
springing up as in the case of the proposed building firom the 
level of the roof, in a place where no tower or structure analo- 
gous to a tower could be supposed to exist. ^ 

In the internal view of the building the position of the domes 
may appear to have some relationship (though imperfect) to the 
rest of the structure, for they are in the centres of the side 
aisles or trantepts above mentioned. But in the exterior view 
the domes are altogether out of place, and seem to rise up sud- 
denly where there is no conceivable reason to expect their 
appeistrance. Over the centre of the building in front, or even 
near the two ends of the front, they might be tolerated, but 
rising at either end of the building and to the rear of the front, 
they have no apparent relation to the structure, and no apparent 
neans of support. It may we believe be safely asserted, that the 
proposed position of the domes is unparalleled in the architecture 
of any age or nation. Thus we have strong though negative 
evidence that the opinions and taste of all architects have been 
such as would condemn the design as to these domes. 

If we admit for a moment that a dome of some kind is neces- 
sary, we cannot help tliinking the proper position of it to be over 
the centre of the front facade, as in the following sketch, in 
which one of the domes of the form proposed in the existing 
design is supposed to be erected over that facade. 



onljr arohitectural forms wbieh it presents are an in 
Senas of rou&d4ieaded arcades and pilastera, and oe 




Of course in making this suggestion we are by no means to be 
understood to commend the design as so altered; we simply sub- 
~ mit the suggestion as an impnivement of it as it exists. We 
certainlv should not wish to be understood as commending the 
form of the domes, which seems to us very ungraceful, or as 
advocating the erection of one of them. Confessedly they are 
uselens — and will be enormously costly — and if our view as to 
their ornamentil character be correct, there is no reason for 
erectiug these prodigious "follies." 

The front facade appears scarcely less objectionable than the 
domes. It is au almost unbroken surface of brickwork, 60 feet 
high by 1200 feet long, without wings or recesses. The only 
breaks of the continuity of the surfece are the central and four 
side entrances, very slightly advanced beyond the face of the 
wall, and the series of blank arches. In a view of the build- 
ing which has been published, the series of arched window 
spaces in the fafade are represented as lights, but these spaces 
are really meant to be bUnk, except the lower part of each, 
which contains a common sauare window. In fact the fisi^ade is 
little more than a dead wall of enormous length, without any 
deep recesses or bold projections to break its monotony; and the 



interminabls 
certain orna- 
ments over the side entrances and the oentxml entrance, the former 
BOBuwhat after the £lizabeUian style, the latter after no known 
style. 

Add to this the consideration of the long, level, monoto- 
nous skv-liue of the building, and the architectural reader will 
we think have reason enough to lament that the world is to bs 
invited in 1862 to judge English architectural taste under the 
aspects here presented. A very able paper in the lUuttrated 
London News uf March 23, 1861, concludes by observing on the 
opportunities which this buildine might have a^orded for the dis- 
play of the architectural knowledge and taste of this country, and 
oy expressing regret that those opportunities "have not been taken 
advantage of, and that in this branch of the fine arts, at least, 
we must appear with very slight pretensions in the face of the 
world." In that opinion we concur, but it would be an imperfect 
expression of our own opinion if we did not add that it appears 
to us the dutv of British architects to raise a protest against 
such a work being taken as the exponent of the architectural 
taste of this country. The Institute of British Architects might 
well express that protest on behalf of their professional brethren, 
if they cannot by their influence save us trom its being carried 
into execution. 

It is to be observed, that not only has there been no com- 
petition for the design of this buildiDg, but that the design 
chosen was kept secret until the contracts for executing it were 
entered into; — that the contracts assumed the form of a great 
gambling transaction, the contractors being paid not quantum 
meruit for the work done, but ^200,000 in one event, and 
^£300,000 in another event, depending on the profits of the Exhi- 
bition; — that it is considered exoedient that the building should 
cost three or four tiroes as mucn as the Exhibition buQding of 
1851 ; — and generally, that with respect to various important 
particulars as to the history and parentage of this design, there 
IS at present very little public knowledge, and agreat deal of 
public cmiosity. 

References to Plan, 



A. Nave. 
BB. West TVansepts. 
CO. East ditto. 

DD. Octagonal Halls under Domes. 
EE. Carriage Department, with 

Picture GaUaries over. 
FF. Principal Entrances ui^er 

Domes. 



G. Principal Entrance in Crom- 
well-road. 
HH. Side Entrances under Towers. 
I. Refreshment Department. 
K. Machinery dit^. 
LLL. Staircases to Galleries. 
M. Horticultural Society's 
Grounds. 



In consequence of some details of the east and west fronts of 
the building l>eing yet undetermined, we have given in the ac- 
companying iUustration only the south elevation in the Crom- 
well-road, which it is believed will not undergo any material 
alteration, and a general plan; with respect to which latter we 
must remark however that some slight modification in the posi- 
tion of the columns is contemplated, although not yet definitely 
settled. The front of the building in the Cromwell-road will be 
1150 feet in length. The upper storv of this will form the 
picture-galleries, 3& feet in height, an({ lit from the roof. The 
oasement beneath will be devoted to the exhibition of carriages 
and road vehicles of all kinds, and will be lit by the windows 
shown in our elevation. Parallel with the picture-galleries, 300 
feet in their rear, will be the nave, 85 feet in width and 100 feet in 
height. The nave will be crossed at its extremities by two tran- 
septs, each 700 feet in length, of the same width and height as 
the nave. At the points of their intersection with the nave 
there will be two polygonal or octagonal halls, 135 feet in dia- 
meter, each surmounted by a glass dome 200 feet in height 
internally, and 250 feet externally, measuring to the top of the 
pinnacle. The floors of these dome-covered haUs will oe raised 
somewhat above the floors of the rest of the naves and tran- 
septs, and will consequently command excellent views of both 
the nave and transept The roof of the naves and transepts will - 
be of wood, painted on the inside, externally covered with felt, 
and spanned by arched wooden girders. Just below the spring- 
ing of the roof of the nave and transepts will be a clerestorv, 
25 feet high, sufficient, it is expected, in combination with the 
two domes and the side windows, to supply ample light to the 
entire building. Galleries are to be carried round the nave, 
supported on double rows of columns, 22 feet in height. In the 
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OBDtni of aaflh of theo<ftagoiial halla will be a fountain stiiTOQlided 
hj shralM. The annex for the maohinez^ department will be 
detecfaed from the main bnilding, and will ran along the side 
of the Prince Albert-road. It wiu be 800 feet long \^ 60 wide, 
and about 46 feet high, and lit by a olereatory. The allotment 
of the area to works of art and mann&ctnre, &c. of varions 
o»imtriei^ not having yet been dedded npon, we are nnable to 



THE SUEZ CANAL. 

From the Journal of M. de Leaseps we learn, that up to the 
23rd of February last the work was progressing vigorously. At 
Fort Said the fourteenth railway had Seen laid down; the em- 
bankments were advancing; fifteen new rafts had been con- 
structed, eleven of which had been sent on to the 'line ot Lake 
Menzaleh, to aid in the opening of the canal to Kautara; the four 
others are used at Port-Said for the landing of goods coming by 
the lake, as the water was then too shallow to permit of the 
use of the ordinary boats. At the Seuil d'Elguise a quantity of 
machinery is being^ erected, and villages are being constructed 
for the labourers: it is mentioned as evidence of the extent of 
the works that 14,000 wheelbarrows are in use at that place. 
ISght dredging machines are at work on the lake, to establish 
communication between the northern extremity of the Seuil, or 
entrance, and the lake Menzaleh, now connected with the Medi- 
terranean. The execution of the piercement, says the Journal 
in question, of the Seuil d'Elguise will solve the question raised 
by certain persons. The day tliat the communication between 
the Mediterranean and the Lake Tismah shall have been estsr 
blished, the possibility of the whole project will have been proved, 
for the other portions have been already executed, unaer one 
name or other, at four different times. ' 



THE CATACOMBS AT ALEXANDRIA.* 

By Prof. Donaldson. 

In the illustrations accompanying the 'Architectural Dictionary,' 
now in course of publication, are some plans and sections of 
tombs in the catacombs about three or four miles out of Alex- 
andria to the westward. They are very curious, presenting fea- 
tures of the Greek period, and are of considerable extent. Of late 
years Mr. Rous, chief engineer of the railroad, has had to cut 
away a portion of the rock in the immediate vicinity of the sta- 
tion, in order to gain further space for the accommodation of the 
increased traffic. These operations have brought to light a vast 
number of catacombs whicn were not known to exist The upper 
surface varies from 20 to 60 feet, I think, above the present level, 
and the sides present a perfect honevcomb of tombs one above 
the other, excavated in the living rock. Each family catacomb 
consisted of one^ two, three, or even four chambers, and had a 
distinct access from above, with its separate stairs cut in the 
rock, leading down to the subterranean vaults. Each chamber 
had two or three tiers of columbaria 2 ft. 3 in. to 2 ft 10 in. wide, 
and 2 ft 10 in. hish, and from 5 feet to 6 ft 6 in. deep. In some 
cases, as though for children, they are only 1 foot, 2 feet, and 
3 feet deep. The ceilings were cut in the form of a low arched 
vault, and were painted a blue colour, having a flat oval mould- 
ing at the spriofinng, also painted red. 

in the tomb snown in the accompanying plan and sections. A, 
the principal sepulchral chamber, is 14 ft 8 in. by 8 ft. 6 in.; 
having, on the side opposite the door, an arch flanked by antee, 
and a sunk receptacle for the body cut in the rock; the lid, if 
any once existed, is not now remaining there, though others 
have been found. Over this was cut, at right angles in the 
rock, a columbarium to receive a body, 2 ft 4 in. wide, by 2 ft 
8 in. high, and 6 ft 9 in. deep. At one end of this chamber 
there was a like arrangement without the columbarium over, and 
part of tl^e back being partially broken awav, and a portion of 
the wall m another part of this chamber, which we found to be 
only 6 or 9 inches thick. Those apertures disclosed on the other 
side of thin walls other sepulchral chambers belonging to dis- 
tinct tombs of other fiunilies. The antn had beams over them 
sunk into the rock, dividing the ceiliug into three compartments. 

* £ead At the Bojal loBtitate of Britiah Arehitecta. 



The ddorway leading into this chamber had oil the outside 
three^uarter detached columns, over which was an entablature 
and pediment There were considerable remains of colour, 
and paintings of flat Egyptian figures in panels, showing that, 



Fig. 1. 




Plam. 



the 



although the architectural features were Gneco-Roman, 
pictorial decoration retained the character of Egr^an art 

The level of the principal chamber A is about 2 or 3 feet above 
the floor of the next B, which is 18 ft. 11 in. long by 13 feet wide, 
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also vaulted. The two sides only of the latter chamber are 
pierced for columbaria, three ranges high, five or six of a row 
irregularly placed. The chancel C forms a species of vestibule, 
16 ft. 9 in. by 13 ^ S *°i having its sarcophagus cut in the 
rock, and columbarium over at the back of the recess. 

An aperture, 8 ft. 3 in. wide, led into a sepulchral chamber D, 
which had three tiers of columbaria on the three sides, there 
being six in each tier on the side opposite the entrance, and 
space for four in a row at each end; although at present only 
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tbree were cut, leaving room for future bodies to be received. 
Each of the openings in this chamber has narrow, delicate archi- 
trave mouldings of a Pompeian character, worked in plaster, 
with thin consoles to support the head mouldings. I found this 
to be the case in other tombs. From the accumuhition of 
dShris, and collection of water, it was impossible to ascertain pre- 
cisely the heights of the chambers; but they must be about 
11 ft 3 in. to the springing of the vault, and the vault itself rises 
2 ft 6 in., giving a tot^ height of about 13 ft 9 in. 



While at Alexandria, Prof. Donaldson visited Pompey's Pil- 
lar; and on examining the base he was surprised to find that a 
number of boulders were placed irregularly under it He was 
enabled to push a 5-feet roa through tne fissures; and upon fur- 
ther examination found an opening large enough to admit his 
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body. On entering it he ascertained, greatly to his astoniah- 
menty that the pillar rested npon a square block of stone, in the 
centre, of smaller diameter than the base of the monument itself. 
The pillar stood npon a mound, 100 feet above the level of the 
Rurronnding country. He had asked Mr. Bous, the engineer to 
the railway, to examine it thoroughly, in the hope that, if the 
pillar were in danger, some representation might be made to the 
V iceroy of Egypt, to take steps for its preservation. The cir- 
cumstance of the pillar resting in the manner he had stated was 
most extraordinary; and it occurred to him that the block of 
stone to which he referred as supporting the whole, miffht be the 
upper portion of another column or obelisk imDedded in the 
ground. But whatever mi^ht be the hypothesis on the subject, 
the &ct itself was most cunous. 



THE NATIONAL SCOTCH CHUBCH, REGENT 
SQUARE. 

This church, which, as our -readers may be aware, was de- 
signed by Mr. lite, and erected some thirty jeaxt^ since, is in its 
principal front a highly sncoessfhl modification of the west end 
of York Minste]>— of course omitting the greater part of the 
decoration with which that noted fii^e is so profusely embel- 
lished. It was recently resolved to restore and renovate the 
whole fabric, the interior of which was much decayed; and for 
this purpose the designs and suggestions of Mr. John Gibson, of 
Westminster, were adopted. The first step was to restore the 
principal front and towers, which unfortunately had been built 
of a fnable magnesian limestone. In this process, new pinnacles, 
parapets, &c., were necessitated, after adding which the whole 
of the moulded and ornamental work, together with the entire 
plain snr&ces, were saturated with Bansome's preservative solu- 
tions; the whole now presenting a fresh and crisp appearance. 
The roof has been entirely boaided, felted, and re-slated. The 
whole of the inconvenient seating and floors have been removed. 



the fronts of the mlleries and the ceilinfics under them cleared 
away, and the bnuding well nigk gutted to make way for the 
new works. Open benches of a gw>d sixe, with tAofAng backs, 
have been substituted for the old pews, and the seating in the 
central area has been entirelv r&-arranged. The floors of the 
(Series have been considerably raised, and the ceilings bek>w 
them heightened. The gallerv fronts^ which were previously 
executed in plaster, and quite plain in character, have been taste- 
fully decorated with tracery puiels throughout, crowned by 
an emlMittled capping, executea in a light material, patented 
some years ago by M. Desachy, and (idled "le staff." The 
acoustic properties of the building, which were of a very defec- 
tive charocter, seem to have been nearly perfected by the various 
alterations. 

At the rear of the church, a lecture-hall, 67 feet long by 
22 ft. 6 in. wide, has been erected, having an open timber rooi^ 
and lighted between the principals; which latter spring from 
moulded stone corbels. The walls are divided into bays by 
chamfered piers. A room for the officials has been provided near 
the principal entrance; and the staircases, porch, and class-rooms, 
have been thoroughly repaired and restored. 

The churdi, lecture-hall, and minister's room, are heated by a 
combination of hot air and water. The artificial lighting of 
the church is egected bv two large 81-jet sun burners, fitted 
with patent valves, whicn may be instantaneously lighted bv a 
conducting wire from a voltaic battery, the application of whi^ 
is exceedingly simple, and has been carried out by the inventor 
and patentee, Mr. Hart, of Edinburgh. The gas arrangements 
were executed by Mr. Strode; and the ventilation is provided 
for by three of McEinnell's large zinc tube ventilators, two 
of which are fixed in connection with the sun burners, and 
fitted with valves for regulating the supply of fresh air. One 
of these peculiar ventilators has also been fixed in the lecture- 
hall. Messrs. Lawrance and Sons have executed the works 
in the interior of the church, and the lecture-hall; and Messrs. 
Patman and Fotheringham the restoration of the external ma- 
sonry. 
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SEGMENTAL AND ELLIPTIC STONE ABCHES. 



r = Todiui at crotwi « v'jr* «" ''^f^xdepth of key J^^P^^ oj key = i'^diameter. 






Vened 


BAdinsftt 


Aetnal thlck- 








Kame of Bridge. 


8p». 


tine. 


orowK 


neis of abut- 
ment. 


opening in abat- 
ment. 


neaiof almtment 


Foitn. . 


Engineer. 




Ft. in. 


Ft. in. 


Ft. in. 


Ft. in. 




Ft. in. 






London Bridge ... 


180 


24 6 


175 


73 




66 


Elliptic 


Bennie. 


Neuilly Bridge 

Wftterioo Bridge 

Stoneleigh Bri^e 


128 


82 


150 


58 


... 


58 


Do. 


Perronet. 


120 


82 


112 6 


40 


... 


45 7 


Do. 


Bennie. 


92 


18 


' 88 


51 


14 ft. openhig 


87 2 


Segmental 


Bennie. 


FonahATdBridgtt 


91 8 


10 8 


102 


45 


... 


42 


Do. 


Lamande. 


85 8 


8 7 


110 


88 4 


91'ooimterfort 


44 9 


Do. 


De Volgle. 


Pont de Montloou 


80 5 


28 1 


77 9 


^6 


... 


88 6 


Slliptio 




Bridge of Louis XVI 


75 9 


6 4 


117 


51 3 


... 


47 14 


Segmental 


PezAmet. 


Staines Bridge 


74 


9 8 


78 


46 


12 ft. opening 


88 7 


Do. 


Bennie. 


Kebo Bridge 

HutcheaonBridge 


72 


20 9 


57 


22 


11 'counterfort 


25 104 


EUiptiic 


Benniew 


65 


'8 9 


65 


24 


16 ft. ditto 


28 10 


Segmental 


B. Stephenson. 
TelfonT 


Glasgow Bridge 


52 


8 8 


45 


17 


... 


21 8 


Do. 


Hyde Pack Bridge 


40 


4 10 


45 


25 6 


6 ft. opening 


21 8 


Do. 


Bennie. 


Bridge over the Eak 


87 


8 


58 6 


25 


... 


26 5 


Do. 


Bennie. 


G. L P. Bailway Bridges 


80 


7 6 


18 9 


10 


.*• 


10 8 


Do. 


J. Berkley. 


G. L P. Bwlway Bridge 


20 


6 


12 6 


7 


■•• 


7 4 


Do. 


J. Berkley. 


Bnmoi Bridge 

G. L P. Bi3way Bridge 


19 2 


2 7 


19 2 


10 2 


... 


10 5 


Do. 


Perronet. 


10 


2 6 


6 8 


4 6 


... 


4 1 


Do. 


J. Berkley. 



90 ram mioa of warn cnrn nenmrn avd aiohrsct'i jovesai. 

Sir, — ^May I request the fityoor of your inserting in yonr 
Joonud the fbUowing original role for determining uie thick- 
ness of ahntments on unsound hanks, for either segmental or 
elliptio arches of stone, as coinciding nearly with the practice of 
the hest engineers. The followinff examples will show the 
agreement of the role with the ezistmg hriages, hoth segmental 
and elliptic. 

I was preceded in the puhlication of the new rule for deter- 
mining the depth of keystone, which I had found neariy a year 
ago, and written it down in my note-book. I was agreeably 
surprised to see the very same rule appearing in yonr Journal of 



December last; the only difference beins that, instead of the 
formula (found b y Mr. Tra utwine, I had for superior dressed 
ston ework [j V diameterl and for brick and rubble work 
\i V diameter], as my formulas. The formula of Mr. Trautwine 
being the result of independent thinking. I had the satisfaction 
of finding that I had hit upon the same rule. — ^I am, &C., 

Jaoakvath Sadasiwjbb, 
Andstanl Engineer and Teadier, Engineer School, 
Knrraohee. 
EoRaehee^ 7th February, 1861. 



A^.i.tiei] 



THE CIVIL ENGINEER AJfD ARCHITECT'S JOURNAL. 



IM 



ON CONSISTENCY IN AECHITECTtTBE. 

Bang the Stieimd of a Cxmrn of Leelurti delitered at the RoyaX Academy ^ 

By Stdkbt Smikke, K,A, 

"Jlf *vy vfi.irH hnvA niuiied siDce the desk at which I have now 
the ty occupied by Sir John Soaiie; I was then 

in II ^ I i ,:'S but I carefuHy noted hia sayings, aud 

made a record on pap^r of mj recollectiona every eveiiiag. In 
one of those lectures I well remember his dwelling with great 
emphasis on thia rule — namely, that it was not an^cient merely 
to adapt the interior of a building to its Rpecial purpose, but 
that its exterior character should also be conformable to the 
purpose for which it waa erected; and the lecturer quoted the 
well-kno^^ maxim of Demoathenes, who taught that tho first 
requtremeni of the orator was action; the second^ action; and 
the third, action. This led the worthy profeaaor to para- 
phra«e the dictum of Bemoathenea, and to say that the three 
great requirementa in architectural deaign were *' character, cha- 
racter, character!" Forty years have not effaced tbe recollection 
of thia dictum, or impaired ita force; it is indeed a truth with 
which I am far more impreaaed now than I waa w*hen it was 
uttere<l by my diatinguiahed predecessor. "Bo what you seem!" 
the moral teacher cries, and the lesson applies with equal force 
to the practice of our art. It would indeed seem to convey a 
tmism which would scarcely need to be euforced, did we not 
find it ao frequeotly overlooked in practice. A spendthrift 
buiJda himself a solemn abbey, m which, it is true, vigils are 
kept» but not the vigil^i of prayer and fasting. Foorhousea and 
reformatories are crenellated and loopholed with mediaeval 
steniDess, as if it were likely to be made an object of hostile 
attack; whilst red tape and foolscap are sold in a shop faithfully 
modelled after the type of a palace of the Pharaohs. With such 
examples then daily before our eyes, I feel myaelf justified in 
repeating that a consistent and appropriate character should 
never be lost sight of in architectural works. It is a quality 
the importance of which should be constantly imprei»aed upon the 
mind of every student. 

Bat not oiily does this maxim apply to the general exterior 
aspect of a building. All objects that enter into the composi- 
tion of a piece of architecture have some particular character 
which seema eapecially to belong to them, and which it behoves 
us to pursue. However we may vary the treatment of them; 
however much we may overlay thera with ornament, we should 
be careful to do nothing calculated either to diaguise or conceal 
their special character. Their motive and rational principle 
Bhonld be apparent and uuim peached; and honesty and good 
taste alike demand that in the treatment of their details we 
should seek rather to display their purpose than to conceal it 
Thus, a column is a vertical support, and lu deaignitig a 
column its fitness as auch should never for a moment be for- 
gotten* Yet there is nothing perhaps which exhibits the way- 
wardness of art more than the column. Its purpose is simple 
and obvious; ita duty is aa appareut aa it is possible for any 
architectural feature to be; and yet it would seem that archi- 
tectural ingenuity has been racked and tormented to devise 
modes of dejjarturo from that simple type which ita mechanical 
duty seems to render so obvious. The Hindoo builder rests hia 
weigh ta upon fanciful and extraordinary com powitious of animal 
and vegetable life. A similar barbarity was prevalent in Italy 
in the early mediaeval period, when we see the shafts of 
columns poised most inconveniently upon tbe backs of monstrous 
ani mala. 

But without dwelling on nrepoateroua ex ceases of this nature, 
which are the natural results of a bold but uncultivated fancy, 
propriety has been defied in a great variety of ways, and at 
perhaps all periods and ages of art. To some of these it may be 
expedient that 1 should advert hereafter. 

Probably the most perfectly unobjectionable realisation of the 
idea of a vertical support may be found in the Greek- Doric shaft, 
where the delicately-expressed flu tings are in perfect harmony 
with the ideA of an upright support, those vertical lines tending 
to fix the mind on the special purpose to which the shaft is 
applied, without scoring it ao deeply as to suggest any idea of 
diminished strength. One of the principal charms of the clus- 
tered shaft which characterises Gothic art at its best period 
consists, I apprehend, in the strongly defined vertical lines so 
exactly harmonisini; with the known purpose of the shaft, 
although it certainl/ cannot be said to convey the idea of 



strength so emphatically as the Greek pilkr. The bands or 
horizontal interruptions occurring at intervals in the length of 
these slender shafts, do not materially disturb tbe idea of ver- 
ticalily, for they are too unobtrusive to do so; but if we greatly ^ 
wultiply these bauds in number, or matemlly increase their 
bulk, the seotimeot of the abaft is impaired, and the eye is at 
once offended by the seeming inutility and even discordance of 
such interrupting bands. 

One of the earliest conceits introduced into Roman architee* 
ture in its decadence was the substitution of spiral for straight 
lines of fluting; a change manifestly injurious to tbe effect of tbe 
pillar, and leading the way to a variety of kindred barbarisms, 
for it 18 in tbe nature of all error to propagate itself in other and 
varied forma. The spiral flutes and beads suggested the twiat- 
ing of whole shafU wliicb are to be often found in early medi»val 
work, until at length the shaft altogether lost ita character of a 
vertical support, and we find them coupled and intertwined and 
knotted, after a fashion more like ropes than cylindrical shafts 
of atone or marble. 

liaffaelle, in designing hia immortal freaoo of the Beautiful 
porch of the Temple, incurred a grave responsibility in settinsj 
that example of spirally twisted shafts, to be too readily followed 
by those who knew not how to distiuguish between the require- 
ments of the painter and those of the architect. Had the oom- 
position been scored and cut up by the vertical lines of a number 
of ordinary columns, tbe effect would necessarily have been un- 
seemly, and the jjaint^r was therefore tempted to give them 
undulating forms, which associated well enough with the accom- 
panying tigures* But it i* worthy of note that thia great master, 
when he worked as an architect, committed no such mistake aa 
to give such unaubatautial forms to i-eai stonework. On the 
contrary, the few buihlinga with which he enriched our art are 
remarkable, even at that early period, for purity of form and 
propriety of design. 

How heavy are the responsibilities of those on whom great 
genius has been conferred ! Michael Angelo, by the cflpWcctot 
which he permitted himself to indulge in when he designed 
the tomb of the Medici, was little aware that he was paving 
the way to that monstrous progeny of broken pediments and 
other violations of propriety whi:h often defaced the archi- 
tecture of later schools. So his matchless contemporaryt 
Raffaelle» by having traced on the walla of the Vatican 
those graceful contortions, so pleasing to the painter's eye, 
but so little adapted to execution in real stone and marble, 
may perhaps be regarded as the real parent of those fantastic 
masses of bronze and stone which are scarcely censured in the 
baUlachino of St. Peter's, the porch of All Saints* Church at 
Oxford, and in ahundred other leas distinguished localities. 

Certainly commanding genius has its duties as well as its 
privileges: its faults become consecrated by their association 
with so much acknowledged merit, and an error is dangerously 
seductive when it comes recommended to us by the sanction of 
a great name. 

I should be dwelling too long on thia aubject of the column— ^ 
important aa that subject certainly is— were I to do more thaji 
aliortly advert to the curioua and fantastic forms with which it 
has at various times and in varioua countries delighted artista 
to impart to that feature. At Liege wo have it whimsically 
assuming the likeness of a gigantic baluster, an idea to which 
the Quatrooentiats of Italy had been also led by the loose rein 
which they were wont to give to their masonic fancies. At 
the Pavian Certosa we shall sometimes find their shafts divided 
into two distinct parts; the lower part straiirbt and normal; 
the upper part degenerating into shapes fitted rather for con- 
fectionery than masonry. Ivary, an archite^'t of some merit, and 
greatly employed in the north' of Italy during the seventeenth 
century, exagg'erating the faults of the Quatrocen lists, devia*^! 
columns of which tbe upper part is twiated, like those of his 
predecessors, whilat the lower part is bulged out into the resem- 
blance of a baluster. These curious inventiona may be com- 
pared to the variations on a simple air in music; sometimet 
so erratic that you can hardly trace the parent melody; some- 
times retain iniy much of the air, but so overlaying it with 
extrinsic additions and decorations as to deprive it of all it« 
ori^innl simplicity, and even identity. 

Perhaps one of tbe most attractive variations is that where 
the shaft is enriched by superficial foliage, some ivy or vine 
seeming to clasp the pillar, and to twine its tendrils round the 
ponderous cylinders. Many auch cases occur in the buildings of 
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the Qaatrooento period; and there it no denying their beantj, 
thoogh we may question their architeetaral propriety. Daring 
the S(edi»val period these acnlptnreaqae shafts may often he 
BMt with, as at Melrose Abbey, but in greater beauty and variety 
in Italy. These varieties nuty all perhaps bo reffarded as the 
natural offspring of the beautiful stems of candelabra which 
abound in CUasic art, and where the most exquisite delicacy of 
foliage was often indulged in without restraint, and of course 
without vioUtion of any architectural propriety. To the period 
of Renascent art, that period so original, and so fertile, at least 
in itJB eariier phases, in cjaaint and picturesque devices, we may 
attribute the introduction of anotner curious irregularity in 
columnar architecture— namely, the building up of shafts in 
what are called rusticated blocks, sometimes allemately cylin- 
drical and square, sometimes vermiculated, sometimes roughly 
hewn as from the quarry, sometimes in alternate bands elabo^ 
rately carved in an endless variety of ways. 

The Love of simplicity and dignified good sense which marked 
the earlier phases of Classic art are nowhere more conspicuous 
than in the design of the Greek column: no trace of this ano- 
malous treatment to which I have been adverting occurs even in 
the kter period of Classic art A shaft, when not actually 
monolithic, which was always an object much sought after and 
highly priiEed, was carefully constructed so as to convey an idea 
of umty, and to bespeak its singleness of purpose — that of vertical 
support But when the origiiml purity of design gave way to a 
love of novelty, builders thought of dividing the shafts into a 
multiplicity of parts, marking the horizcmtal bed-joints by deep 
channelling, all tending to convey the idea of a number of small 
stones piled up on each other, in lieu of ;the primitive idea of a 
unit or monohth. It is to this departure ^om the first intention, 
and forgetfulness of the original object of any architectural fea- 
ture, that may be traced most of the errors for which our art is 
often so deservedly condemned. 

Before quitting the subject of columns it is incumbent on me 
to take this occasion to express my unqualified condenmation of 
the practice, however common, of converting a single insulated 
column into a monument Neither the undoubted Classical 
origin of this form of monument, nor the graceful proportion of 
the column itself, can be regarded as any justification of this 
manifest misapplication and perversion of a great architectural 
feature. Even our silversmiths have ceased to make Corinthian 
candlesticks, although the solecism still lingers among some 
competitive candidates for monumental street architecture. By 
how much we may admire the true adaptation of a column in 
form and proportion to its purpose of supporting a vertical 
pressure, by so much are we bound to condemn it mien we find 
it standing idle and useless, or with no dutv but that of lifting 
up to a dangerous eminence, and beyond the reach of distinct 
vision, some vase or other insiffuiticant object, or some statue of 
a bulk and weight utterly disproportioned to the shafl of so 
colossal a pedestiil. The very form of the capital at once betrays 
the impropriety of this application of a column. Whatever 
the style of art, whether Egyptian, Greek, Roman, Byzantine, 
or Gothic, the capital invariably spreads itself out to receive a 
burden pressing on it perpendicularly; the abacus in some shape 
is expr^y adapted for the reception of that burden, and when 
the burden is not there, the aoacus becomes unmeaning and 
superfluous. We must not do the injustice to early Classic art 
of supposing that we have any evidence of such a misappropria- 
tion of a column in the best times. The idea of settiuff up a 
monumental column seems first to have occurred to the degene- 
rate sons of Roman art, an art which invented little, and seldom 
borrowed without some disfigurement or deterioration. It may 
indeed be presumed that the practice of erecting this fragmen- 
tary portion of a portico may have been justifiable in its origin 
on the ground of its being a trophy — the material evidence of the 
ruin of some hostile city; if so, however, no such apology can be 
offered for the colossal pillars erected by the emperors. . 

The obelisk, of much earlier times,'aud of more Asiatic cha- 
racter, was in every respect more consistent with reason, and 
therefore with good taste. By narrowuig upwards from a broad 
base it conveys the idea of stability, and the simplicity of its 
form, whilst it seems to secure to it an enduring existence, is in 
itself one of the causes of its grandeur. Nor is such a form liable 
to the imputation of having been, like the column, an object 
transferred out of its proper place to act an unsuitable part It 
is true that, in adopting the obelisk as a monument, we are 
perhaps not applying it strictly to its original primitive purpose. 



The £igyptian% it is said, figuratively designated them ''the 
fingers of the sun," for they were originally erected as the gno- 
mons of colossal dials; the shadow from the lofty shaft pointing 
to the hours ranged in a gigantic circle upon the surrounding 
area. The obelidc however ultimately ceased to be applied to 
this utilitarian purpose, and (I know not when) became, like the 
Celtic monolith, a simple monument^ for whidi pnrpoae it seems^ 
as I have said, admiraoly adapted. 

With this example oif fitness and propriety before us, let na 
not resort to this erroneous use of the column. We have already 
had a satiety of triumphal columns; there is scarcelv a large 
town that does not own some specimen of this deplorable misap- 
plication, to which the public taste is only reconciled by the ft^ 
quency and &miliarity of the vicious practice. 

We will now turn to another instance of that aberration of 
taste which so easily misleads by tempting men to foiiget the 
real use and purpose of an architectural &iture. The abrupt 
vertical termination of the slopine sides of a roof forms tne 
pediment or gable. The shape is Sie result of a necessity: its 
origin is simple and manifest, and stands in no need either of 
concealment or of qualification; yet there are perhaps few fea* 
tures in the use or which arohiteots have so often testified a 
perverted taste, or have deviated so widely from good sense. 
As usual, the earliest forms of pediment are the most honest, 
and therefore the most pleasing. With that simplicity of cha- 
racter which distinguished Greex art, the earlv temple presented 
the gable ends of its roof without the slightest disguise, the 
pediment simply representing— or rather 1 should say, actually 
Deing— a cross-section of the roofl The same obvious sense of 
propriety and fitness led the Greek arehitect to occupy the 
Dlank triangular space or tympanum with sculpture, at once 
rendering tne undisguised end of his roof a source of beauty, 
and by the nature of his sculpture giving to it an intrinsic moial 
value. 

As art travelled westward and northward, the original purpose 
of the pediment was still not disregarded, and no material 
change was effected by the Romans, beyond giving the acclivity 
of the sides of the pediment somewhat greater steepness; and 
this was no caprice, and in no respect a departure from the 

1>rimitive object of the form, for the change of dimate reasonably 
ed to this change in the angle of the pediment The decay 
however of Roman art is marked by the invention of the curved 
pediment, applied at first probably only over small openings, 
out afterwards more boldly adopted as a substitute for the 
original and natural gable end. It was at this period of the 
dedine of art that we find, as at Diocletian's palace on the north 
coast of the Adriatic, and in the splendid though barbarous 
architecture of Baalbec, the example set of broken pediments, a 
grievous departure from simplicity, which found too ready an ac- 
ceptance in fiir later times. Nevertheless, in\he succeeding period 
we still find but little indination to abandon the ordinary form 
of pediments, of which so many noble examples of better times 
were then still remaining, especially on the classic soil of Italy. 
The dates assigned to buildings of this dark age of our art are not 
safely to be relied on, but certainly the churoh of St. Ambrogio 
at Milam, and of the Duomo at Murano, near Venice, are very 
early Christian works; and we there find the antique Roman 
pediment almost in its pure form and legitimate application as 
the abrupt termination of an ordinary roof. 

It was at a somewhat later time, at the commencement of the 
so-called Mediseval period, that a singular practice arose, espe- 
cially in the north of Italy, of breaking up these pediments or 
gables, and disturbing their original simplicity, by excavating, as 
it were, the surface of the tympanum with a crowd of shallow, 
inaccessible, and entirely superfluous arcades. But the original 
type of the Classic pediment was afterwards still more completely 
obliterated by the general suppression of the horizontal cornice, 
or base line of the pediment. The increasing steepness of the 
pitch at the same time caused a further departure from the old 
type, due no doubt to the gradual extension of art towards the 
North. 

It was thus that by progressive steps the Grothic gable arose, 
on which the carver^s and the sculptor's beauties were lavished 
with so free a hand, that it became one of the distinctive glories 
of Medinval arohitecture. Charmed by the graceful and aspiring 
form of this novel feature in our art, a passion for its use arose 
among churoh builders, which, as usual, led to excess, and to an 
indiscriminate application of it Lofty gables arose, which, re- 
gardless of their original purpose, had in truth no roof whatever 
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behind them — sometimes indeed with windows immediately 
behind them; and they were carved, and traoeried, and perfo- 
rated, until thej became the mere anatomies of gables, — ^iavonrite 
themes as it were, whereon the mason might disport and exercise 
his fitndful and inventive genius, utterly setting at naught the 
fine-spun theories of those martinets in art who would insist on 
every form in architecture beiuff applied to some special useful 

gurpose; a view which, from Vitruvms down to Pugin, teachers 
ave urged on us &r more diligently by their doctrine than by 
their practice. 

I should observe that these chefs-d^cetivre of masonry are of 
Northern extraction, and occur rarely on the soil pre-occupied by 
the ancient Classic pediment. It is indeed curious to mark the 
pertinacity with which Medieval artists, when working on 
Classic ground, adhered to the old style, or sought to amalgamate 
it with their own. The frescoes of even the thirteenth and four- 
teenth centuries are full of illustrations of this lingering semi- 
Classic feelinff; nor are examples wanting of it in the buildings 
executed at that early period. Many examples might readily be 
c^ted, but I will name but one — ^namely, the archiepiscof >al throne 
in the church at Assissi, which bears every mark of being of the 
date of the earliest portion of that building. 

The Medi»val gable in more northern climates appears to 
have reached a sort of climax of intricacy and decoration, when 
ita very existence became threatened by the remarkable change 
in all the arts of design at the period of the revival of Classic 
forms. Most of the features of Classical architecture were then 
in some modified form or other re-introduced, and among them 
the pediment But the cold formality of the ancient gable was 
scarcely consistent with the exuberant genius of the Qoatro- 
osntists; accordingly we find semicircuUr pediments became 
grsatly in vogue among them, and were the source of much 
beauty and novelty, although irreconcilable with a strict adhe- 
rence to reason, and to that fitness to its purpose which reason 
must ever suggest to us, and which seems to oner the best if not 
the only safe standard for the guidance of our judgment in 
matters of art 

The Classic pediment and the Gbthic gable were, not only 
apparently, but in strict reality (as we have already seen) the 
wall which terminated and closed up the extremity of the roof; 
but at the stage to which architecture had reached at the time to 
which I am now adverting this gable became rather an orna- 
mental wall built up for the roof to abut against in the best way 
it could, and therefore it was not thought necessary to make it 
conformable with the slope of the root The circular gables of 
the Chiesa di St Rocco, and many other buildings which I might 
name, are picturesque vagaries, and admii*able perhaps for the 
variety they introduce into the composition, and as liberating 
architectural design from the rigidity of straight lines and sharp 
angles; but they must be admitted to be unjustifiable on any 
principle of sound criticism. Had they been in truth vertical 
sections of domes there could have been nothing to say against 
them; but as representing the end of any ordinary pitched roof 
they are false and unmeaning. Much therefore as I admire and 
respect the art of the Quatrocentists, — ^much as I would wish to 
see its numerous beauties recognised and its graceful inventions 
studied, I should be indeed sorry if the striving after new and 
nnwcmted forms and fanciful oompositions, which is but too 
apparent in the present day, should lead to the reproduction of 
so great an anomaly as the circular peiliment 

The more careful study of ancient architecture soon led the 
Quatrocentists to abandou this form of pediment, except in 
small interior compositions, such as altar-pieces and tombs, and 
in the subordinate parts of architecture, as the dressings of doors 
and windows; and the more accomplished architects brought 
their pediments generally down to tne normal type. I do not 
call to mind any examples of these picturesque anomalies having 
been executed by Bramante, certainly none by his nobler pnpu 
Batfaelle. 

But now a new danger thi*eatened the integrity of the pedi- 
ment In an unfortunate hour it occurred to some artists to break 
the continuity of the sloping sides of the pediment; and, perhaps 
with a morbid anxiety to relax the severity of the angulaV pedi- 
ment, they contrived that solecism in art which I have taken 
more than one occasion to point to with reprehension — namely, 
the truncated or broken piediment. Some early indications of this 
error occur before the sixteenth century, but to the best of my 
belief only in the works of fresco painters. I am aware of no 
realisation of- the scroll-shaped pediment before the sixteenth 



century. It is however to no less an authority than Michael 
Angelo (as I have already noticed in the present lecture) that 
we owe, if not the first practical execution of the broken pedi- 
ment, at all events the ouestionable honour of having been the 
means of bringing into favour that great architecturRl anomaly. 
It is certainly to his great example that we are indebted for a 
numerous progeny of most grotesque and absurd pediments; one 
of those departures from good sense which bring opprobrium on 
the architecture of the sixteenth century. 

The near relationship that architecture and sculpture bear to 
each other is undeniable. The mutual assistance that those arts 
are able to lend to each other, the similarity in many respects of 
the objects pursued by the two arts, would seem to render the 
cultivation of them by the same individual, if not essential to 
excellence, at all events a powerful auxiliary in establishing the 
character of a great artist: yet, "so vast is art, so narrow human 
wit," that we can with difiSculty point to any individual who has 
in himself united those arts with that equality of power and 
intelligence which are necessary in order to prevent tne one art 
from overruling the other. 

Taking, for the purposes of comparison, perhaps the two most 
prominent artists the world has produced— Phidias and Michael 
Angelo— -we observe (so far at least as we know or have the 
means of judging of the former) that whilst in the works of Phi- 
dias the sculpture was doubtless made essential to the due effect 
of his architecture, it was nevertheless always subordinate to it, 
and was never permitted to override it; the leading architec- 
tural lines of his building, as the metopes, the friezes, and the 
tympanum, were in no case allowed to be interfered with by the 
sculpture, but retained invariably their undisturbed continuity 
and distinctness. Intimately intermixed as the sculpture was 
with the architecture, it kept its place as a mere decorative 
expletive — an ornament in fact Full no doubt of significance, 
and pefectly appropriate in character both as to treatment and 
design, but stilr a non-essential ornament 

In the works of the other great genius whom I have named 
we find these conditions reversed. Although undeniably great 
in architecture and great in sculpture, I think that the common 
voice of his posterity proclaims him to have been far more a 
sculptor than an architect In the very instance to which I have 
adverted, the Medici monument, the feeling of the sculptor obvi- 
ously preponderated. It suited his composition to place his 
figures recumbent on the sloping sides of a pediment, and he 
therefore so placed them, omitting the intervening apex of the 
pediment: thus committing an aixshitectural absurdity, while he 
produced, it is true, a picturesque arrangement of his sculpture,— 
which was all he seemed to have cared for. We may say how- 
ever in his defence, that in the arrangement of sculptured groups 
of figures the modification of known architectux^ membera may 
be regarded as a poetical rendering of them, so as to make them 
subservient to the exigencies of high art 

It would be bv no means difficult greatly to multiply instances 
of a similar sculpturesque bias in tlie works of this great man. 
I will however adduce but one other. In the Chiesa degli Angeli, 
at Bome, erected by Michael Angelo upon the site, and partly 
upon the walls and with the materials, of an ancient imperial 
palace, great pictorial effect has been pix)duced, but in singular 
defiance of propriety. A huge circular tablet is so laid over the 
face of a wall which he desired to relieve from undue heaviness, 
as to overlay and almost to conceal the architectural lines, con- 
veying the idea of a distinct object suspended against the wall, 
while it was in fact built into it, and formed an integral part of 
the masonry of the church. 

There can be no doubt, I think, in the mind of any unpreju- 
diced critic, that the example set us by the great sculptor of 
antiquity, of making his sculpture strictly subordinate to the 
architecture, is the more consistent with good sense and sound 
judgment However elaborately architecture may be decorated 
and enlivened by the genius of sculpture, all the leading and 
essential lines of the composition should be dictated by its struc- 
tural requirements, and should at least appear to express its 
main constructive features. There should I think be no intimate 
blending together of the constructive and purely decorative fea- 
tures; let them perfectly harmonise and combine together to 
make a pleasing whole, but let their respective limits never be 
ambiguous. 

In the best age of Mediseval art this rule will, I think, be 
found to have been rarely departed from. It was in proportion 
as it degenerated that this principle ceased to have been acted 
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upon, ftnd sculp til reaqne exoeiMS ao came to be committed The 
. carver overmJad the mason, until there aroee those wonderful 
tpetrifactiona m it were of architectare, which stood as if by a 
I jainicle, for their anatomy was concealed from view, and they 
^appear rather to have grown than to have been built np,^the 
I creation rather of vegetable life than of mechanical skill. I 
J might refer as instances to the peudentive roofs of King's College 
Chape) and other similar structures, and to the singnlar produc- 
tions of Krafl and others at Nuremberg. 

In the age which followed the Mediaeval period the best works 
• fully illustrate the truth of the principle that would teach us to 
ijkeep clearly defined, in due subordinatiou and in a right relation 
Lto each other, the constructive and decorative arts. Great purity 
J of design in this respect usually existed in the short but brilliant 
l^period of the early Benaissauce. We shall seek in vain among 
l|ho best works of that period for examples of the corrupt taste 
l|Qat would seem to abhor the simple outlines of that geometry 
IjOQ which the whole fabric of our art is founded. Although rich, 
aionally even to a fault» iu carved decoration, you will find 
kose decorations ever kept within the limits of the frieze or panel 
Ppr spandrel, or whatever other architectural compartment may 
ave been left open for the omanieutist, after the requirements of 
rihe mason had been provide<i for. Thus their biiihlinga preserved 
generally a great simplicity of outUne and distinctness of fornii 
although they may have presented a rich display of perliaps the 
most beautiful ornamentation that art has yet bequeathed to us. 
As however Renascent art advanced, it gradually departed from 
this wholeiaome rule, and the wider the departure the baser 
becaiae the prevalent character of the ait, until the improperly- 
called Classic style became disfigured hy a multitude of gross 
errors. The moat manifeat structural requirements were often 
studiously concealed; the ordinary and characteristic features of 
ai^hitecture were los*t amidst clouds and angels, tloattug by the 
aid of hidden cramps and ties; and a great deal of really inge- 
nious constrnction was thrown away in simulating impossible 
oonatruction. 

The principle which I urge upon your attention may be illus- 
trated by reference to what I believe to be a fundamental rule in 
the sculpture of the human figure, which forbids such a disposi- 
tion of arapery as may wholly obscure, or even render doubtful, 
the actual fiosition of the several limbs. In the work of a good 
master, however enveloped a figure may be in accessories, the 
imagination is never at a loss to determine its attitude or pose. 
So it should be with a building: its anatomy should be ever 
intelligible, however richly clothed it may be in embcllidhmeats, 
I dwell the more on this subject, because I think I am juatified 
in expressing my fear that there is a strong tendency in the 
practice of the present day to overstep the limits t^ which orna- 
meet should \*e confined. Ornament is a most pleasing hand- 
maid, but a very unreasonable and dangerous mistress. 
L There is another kindred error to which 1 think it may be 
l^ofi table that I should advert. It is in some respects the con- 
' verse of that which I have just reprobated, and consists of an 
attempt to give to mere ornament u false or affected utility. We 
sometimes may see a heavy weight of mastmi^ — perhaps an in- 
tegral part of a fabric— affecting to rest upon some manifestly 
insuthcient baaia, such aa on foliage of the most delicate and 
fragile nature, or perhaps upon the edge of a shield obviously 
UDDt to carry more than its own weight This is an anomaly 
which no beauty of execution nor cleverness of treatment can 
justify. Painters may. no doubt, be readily permitted to represent 
Dodies of very appreciable weight reposing on a mist, — Aurora 
may freely drive her wheeled chariot over the trackless clouds: 
for their paintings are but the embodiment of mere mental 
visions. These forms are but as words addressed to the mind^s 
eye, while the architect has to deal with substantial realities, 
r hatever he does must be conformable, not only with plain rea- 
^•on, but static laws. The Pompeian decorator is quite at liberty 
to indulge his fancy in strange impossibilities; his cupid may 
emei^ from the calyx of a blossom, and may poise on the tip 
of his wing a column, or a whole temple if he will; it is but a 
pftlnter^s dream after all But when an architect so forgets the 
proprieties of his art as to realise in stone these vaganes, and 
'.plaoea, or seems to place, a material burden upon these utterly 
, inadequate supports, he is guilty of a frivolity unw*)rthy of the 
ehanicter of his art. It is not that we need altogether condemn 
the use of these oupids and blossoms, but let them be snperfiuous 
adjuncts* Let the duty of a corbel or a capital be performed by 
a atone viaibly ahaped to ita purpose and adequate to its task, 



and then overlay it aa you will; the reins may then be given to 
invention to clothe that stone with whatever natural oeauties 
the good taste of the sculptor may suggest to him aa snitable 
and agreeable. In like manner, when we see the smoke of some 
laundry chimney issuing from among the leaves of some ficti- 
tious plant, however beautifully natural the leaves may appear, 
we repudiate the conceit aa a gross breach of good taste in the 
artfst who so misapplied the resources of his art. 

But I have wandered widely fiom my theme: the real prac^ 
tical importance of the principle which I urge upon you must 
be my apology. 

I was adverting with retgret to the anomaly of the broken 
pe^Jiment; an error which struck deep root, and was the parent 
stock of an unaccountable variety of censurable forms. Strange 
it is that art is so prone to submit to the infiuence of fancy or 
caprice, as if the eye was ever craving for new forma The simple, 
aensible, and strictly unobjectionable pediment thus became de» 
based into a useless and ridiculous excrescence, nnd&r the im- 
pulse of tendencies which seem to be inherent in onr nature. 
A like tendency betrays itself in a variety of ways; in nothing 
perhaps more visibly and viciously than iu costume. Thus 
buttoijs are placed where they cannot possibly be applied to any 
useful purpose, justified alone by long usage and by the non- 
sequent prejudices of the eye; and thus slmp^ will long outlive 
the uses which had dictated them. So it is that arch i tec te are 
occasionally found erecting an array of buttresjies, not because 
there is any lateral thrust to meet, but because they constitute a 
customary feature of a certain style. 

Having dwelt long on the errors into which we are liable to 
be seduced by a disregard of the legitimate purposes of those 
two important component parts of architectural composition, 
the column and the pediment, it remains for me to point out 
to you with reprobation another and still grosser error, in the 
misapplication of the entire portico. 

The unanimity is somewhat remarkable with which all critica^ 
of every school and age» have agreed to admire the Greek por* 
tico, as comprisiing all the highest qualities of art in their purest 
and most complete form; and the gi^eat beauty of this model of 
symmetrical composition is enhanced by a sense of its obvious 
utility as a place of external shelter. For many centuries exclu- 
sively the distinguishing feature of temples, the portico was 
seldom permitted to be used in domestic architecture until the 
date of Augustus. From thai period downwards it has never 
ceased to he applied to any and evety species of stnicture 
needed by man, and, it must be admitted, often without the 
slightest appearance of necessity or utility. 

The same critical remarks which I liave already made in 
respect to the erection of a column as an ornament or as a 
mei^ pedestal, and not as a support (which is essentially and ex- 
clusively its special duty), are also applicable to the columnar 
portico, in all cases where neither shade nor shelter is of any 
appreciable value. To erect a portico in a position obviously 
Inacceaslble is an idle squandering of masonry with which the 
arohiteots of the best days of Classic art cannot be charged. 

A blind and unreasoning habit of repeating form:^ without 
due r^nrd to their purpose, has been among the worst fitults of 
modern art. To build a gable, or a portico and pediment, without 
any roof behind to justfy or call for its use, or beneath whoee 
shelter no man can betake himself, is an act which no reasoning 
critic, whatever be bis admiration of the portico itself ought to 
sanction. Like the small arcades which we so often see covering 
the apses of early Romanesque and Mediaeval churches, yet often 
perfectly inacceasible and convertible to no poesiblo use, we can 
only attempt their justification on the ground of picturesqueneas 
or beauty, or because they serve to cloaK a blank wall, or becanse 
they produce a pleasing chiaroscuro. It may be that there are 
occasions when these are sutficient and satisfactory reasons: 
the architect very imperfectly fulfils his mission if he does not 
gratify the eye whilst satisfyiug the graver requirements of his 
art All that I would insist upon is that the more prominent 
and conspicuous features of a design should not be mere unser- 
viceable appendages. 

With regard to the use of colonnades partially built into m 
wall, as we see exemplified in the Banqueting* hall at White- 
hall; it is not uncommon for architectural critics to condemn 
the practice as a dep^arture from the dignity and real uae 
of oohimns, and as something false or absurd. I am not how- 
ever disposed to coincide in this view, and I can see no valid 
reaaoii for oondemniug thoae engaged oolouiiadeA. Tested by 
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tbe standard of commoti sense, I see do sufficient grronnd for Buoh 
oondemDation, Columns are points of support, and we may with 
equal correctness regard them in that liglit, whether insulated or 
engaged, for as aupporta they are equally valid in either case. 
We may regard the wall mterveniog between engaged columns 
as the means of nidosure) not of support^ — assisting the columns, 
it may be, in the aupiwrt of the entablature, but not an essential 
and labegral jmrt of the fabric* The great Doric temple at 
Agri^nium, and the Erecthaeum at Athens, suffice to 3how that 
even in the best period of Greek art this practice was not held 
to be opposed to the canons of good taste. 

The critics who would condemn engaged columns have, of 
counie, a wide field for the exercise of their censorship in the 
engaged pillars or wall-shatts of Mediaaval art^ the nse of which 
is an exactly analogous practice, inasmuch tm they represent 
the points of support of the arches and vaulting which spring 
firom the capiiaU, The truth is that there is perfect masonic 
propriety, whether in the wall-shafts of a cathedral or in the 
engaged pillars of a Greek temple. They repi*e»eut an aoca- 
muJation of power at the particular point of the wall on which 
the principal weight is charged; and not only have they oon- 
strnctive truth to justify them, but also great icsthetic value. 
These vertical lines of suppoit convey to the mind the idea of the 
active and efficient support of any particular imposed weighty 
far more satisfactorily than can be effected by preaeutiug a plain 
unbroken wall of apparently uniform soliiHty and strength ; and 
this idea is still more forcibly and distinctly profloced on the 
mind when the vertical engaged ahafta are of different colour 
and material from that of the general surface of the wall. This 
practice, so prevalent both in Mediaeval and Classic art, gave 
rise to additional beauty and variety by the U(*e of coloured and 
pdbhed marbles. Although I have justified and defended these 
engaged columns as true and legitimate architecture, I am never- 
theless by no means inclined to encourage the gratuitous or too 
frequent use of them. There can be no doubt whatever that, in 
liffbtnesB and elegance of effect, advanced and insulated pillars, 
telling out distinctly and brightly against the lower tone of the 
recessed wall behind them, produce by far the most artistic and 
pleftaing effect. 

The object with which I set out in making these observations 
wa« to press upon your attention what I conceive to be one of 
the most important principles of design — namely, that every 
form in architecture should be, or at least appear to be, tnie to 
the purpose to which it is applied. Tlse principle m of the 
widest application, and appears to me to be vnlid alike for the 
smallest objects of design and for those larger, more important 
features to which mj observaUons have been more especially 
directed, 

When Thucydides is deploring the moral deterioration of 
Greece, occasioned by the baneful influenre of the civil wars on 
the manners of his countrymen, he savs that a sort of duplicity 
had entered into the Greek mode of speedi : fulse terms were 
introduced, — ^naraes of honour were applied to the base, and of 
bMenem to the honourable; and he adduces this evil tendency as 
cme of the most striking signs of the times. It is true that in 
uttering these lamentations Thucydides liears singular testimony 
to the general purity of Greek sentiment, when we tind that the 
Eoere habit of misapplying terms of honour and of depreciation 
should be regarded by the historian as a national stigfma, and as 
a serious public reproach: still, his remark has great significance, 
and may convey a useful lesson even to us aa artists. The clear- 
sighted ancient historian and moralist could read the signs of the 
times in these unobtrusive and apparently insignificiint indica- 
tions: he saw that the habitual use of unfitting phrases and the 
untruthful application of words were evidences of an incipient 
national decay and deterioration. May we not draw like con elu- 
sions when we see an habitual neglect of trutli in productions 
of art! And is it not a duty, becoming in all who are in a posi- 
tion to exercise any inflaence whatever on the laiod of the young 
student, to strenuously endeavour to deter him from that down- 
ward conrse which leads to debasement of style, and with all 
possible earnestness to impress him with a sense of the beauty of 
truth? 

Such certainly I conceive to be my duty here. Weak and 
faltering as my words may be, and though I may not be able to 
defend myself from the imputation of having set some bad ex- 
amples, still I feel that I should betray the cause which it is at 
once my duty and my pride to advocate, were I not to use my 
b«0t exertions to encourage the student in art to seek not only 



that which is ornamental or pictureaqne; not only that which 
affords a display of the most agreeable How of lines, or is most 
attractive in composition; not only that which presents the richest 
groups of decorative features, — but to seek, above all things and 
before all things, that which is fitting in form and truthful in 
character. 



INSTITTJTrON OF ClYIL ENGINEERS. 

Gkor<ie P, Bidder, Esq., Prcfiidcnt, in the ChaiT, 

/an, 22.— The paper read mtw " On tie Rue and Fall of (he Hirer 
WandU: Us Sprim^s, Tfibutariet, and PoUnHony By FRinitaiCK 
Bkaitbwaite, M.Iiwt. C. E, 

This history wo« compiled from a survey of the river Wandles, made 
eiurly in tlie Kpring of 185.^, from it« rise M Canh&ltoa, and ut Cmydon 
^lU ft, 2 iu. and 123 ft, 10 in. resipectively above Trinity high-water 
mark— to its outfall in the Thames at Wandsworth. In the course of 
the survey, speriiiJ notea were taken of the sevoal ipringi, trihutariss, 
and seweFaf^ from drtuns which swelled the amount of the water. 
The leveHa of Uie Buc^jeanive falls of the river from its upring-beadi, 
through the uumeroxu milhi, were carefully takea; oLio a eoiuplete set 
of gaugiugii of the water from the numerous springs and tributaries. 

The branch of the river rising at Canhalton wtm Daid to be suptkUed 
frotu three principal springs— the Grotto Spring, the Hogs*-pit Pood, 
and the Ordnance Pond, which together yielded, when the gaugings 
were timt taken, '13,216,020 gallons, and on a- eubsequent rKcasion 
12,070,«jin gallons, daily, or every twentj-four hours. The head of 
water at the lake in the grounds attached U* the Odnance School varied 
4 or £ inches, according to the rainfall. When the lake wa« emptied, it 
waa refilled from the springs in thirty hoim. Thin linuich was juio sup* 
plied frmti the Town Ponds and other springs. Pive milk were situated 
on it, driven by wheels, haviiif a united p<»wer of 71 BJ», The general 
character of the water was brifiiant and pure, with the <*xoeptioD of that 
from the paper milU, and where the mad drainage was dischaiged intu 
the river after heavy rains. The water contained about IS" of hardneaSr 
and a smaO quantity of nulphate of lime. 

The t 'toy don branch derivi'd its principal flow of water from a stream 
called the Bourut- Brook, which rma in Siarden-park, about S miles 
south of Croydon. Tlie f*upplv from this source was however very preca- 
rious, as it did not flow mrvfL* tWn once every five or seven years, when the 
jainfall was excewivf*, and then only lasted for a limited period; thocgh it 
was in evidence that tht^ Bourofj did nm for two entire yean* in 1 841 and 
1842, a period of ipMit rain. Two other itrsams mdted with the Bourne 
nbout 2 milM south of f roydon, which^ with spring rising in the Garden 
Pond and elsewhere at Crt^ydon, brctu'ht up the total quantity to from 
16,153,780 to 17.1^25,600 gallrms daily. Other si»ringB, iseuhig priori- 
pally in the Lands Pouils, contributed 1,458,000 galloDS every twenty- 
four houre; so that when all the streams had united to form the easteru 
branch of the Wandle (123 ft 10 in. above T.H,w,lf.) the river fluweil at 
more than the rate of 19.000,000 gallons every Iwenty-foor hotm. The 
fiprings at Waddwi Mill and from laud drainage produced about 1,200,000 
gallons, and the river was constantly increased from similar sources; m 
that when united with the Carvhaltrm branch, at '^e mi anil felt miUs 
ab<3ve Hack bridge, the gaogings, whleh represented the entiro flow ol 
the Wandle in one stream, when iinst taken showed 63,488,580 galloiis, 
and OD the subiequent ooca«ion 52,750,980 gallons, every twenty^four 
hours. The mills an thii branch wwe four in number, but three only 
were in occupation at the lime the survey was made, using wnter power 
equal to 25, 25» and 12 B.r. respeetively. Above Hack- bridge the soil 
couitLstcd of a mixture of chalk and gravd; hut below the bridge it was 
wholly gravel or sand, though there wa8 clay oloao imdemeatlL 

The paper then proceeded to notice the different luilla situated on the 
main stream, giving a statement of their (K)wer, height above t.u.w.m.^ 
in many eajies the quantity of water used at each, and other details. The 
o|:«ration» carried on at some of these weeks, such ^ riiu^iug silk sooda, 
wuliing skins, &c., and ilys chemicals employed, which when used were 
dischugcd into the river, tended materiiiUy to contaminate the stream. 
Indeed, it was generally ivmiu-ked that the water below all the print 
works was much coloured when any print washing was going on. Hie 
Gotonr did not appear to settle, it only booame largely diffused. The 
water used for deanmg the blocks was alj»o sent into the river. In clear 
weather the contrast between lbs water at tho GaTshiltaii spriiigB ami 
that at MertoQ'bridgo wa« veir marked; pntving to the sigfat alone how 
un£t the water had become for drinking purposes, during its progress 
through ao many works discharging impurities, and over such a sail, and 
receiving such drainage. In dry seasons this would be still more strikiiii,'. 
There were twenty-five mills on the main stream, using 545 H-P. 

Mention was also made of the amount of drabiage water flowing into 
the Wandle from the surrounding land: one stream alone, on the eastern 
side of the river, at Mitcham-eommon, oiTntributing 4,172,760 gallons 
daily. Tlie Pickle, a dirty stroam. |tjLnod the main river at Merlon^ 
bridge; and the Urmvenoy, a conriderable tributary, which had also a 
dirty appeacanoe when the water in the Wandle itself was comparatively 
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cil64r, entered the river ai Mr, FAjtoB*a Ififtther works. The ftvenge 
gaagingn at Gamitt'a oil loillB showed 83,469,060. 7^,316,950, aaxd 
62,343^u0'> galionfl every tweatj-lour houts. Hie gauiKUigB of the river 
Graveney during the same pciiod showed from 6,29X,000 to 1,458,000 
galluas daily. These quaatitie» referred to a period wheQ the river, its 
bed, and adjaoetit soil ha*i been fullv aaturated with heavy rains, and 
affonled do criterion of the quaatity due to diy seaaoiaa. The water in 
gravelly diairicts at guch times waa much wasted: then that stxntuio uot 
only refused to part with it freely, but even deprived the ri?er itself of 
Wftter which flowt^d thwu friiii a diatrict less influenced by evapotatioo. 
It might thereforv! be eonLludetl that, in periods of drought, the true 
source of the supply to the Waudle would be found at Wiidden uui at 
Carahaltoii only; for the Bourne Brook became dry, and the Croydon 
springs were polluted. At pregcnt the supply from Wadden and Caia- 
halton was tmiud to amount to 32,941,500 gaUona daily; but when the 
huid-s] " ' other drainage waters were exhausted there only re- 

maim -I) gallotis djuly available for water eupply,. supposing 

the flo chalk to continue unifonn. But when the river reached 

Wandawarth much of the wit» had lieen evaporated and filtered into 
the grnvelly eoil, and mooh b^l been filtereJ and carried away aa sewer* 
age, or l^wa oousumed in the works, mo that probably not more than 
10|,000/>00 gallons could be relied on, and that must necessarily be 
I>ollutctt 

In an app*?ndix a table was given, Bhowin^ tJie rainfall daily during 
the monthu of 8epteml>er, October, November, and December, 1852, over 
that iHirtion of the district the nature of the Boil of which was non- 
absiorl)ent— viz. the tract of land drained by the river Gmveney and the 
CoIhtT brook, having on area of 4900 acres. The available watershed 
area of the VVandJe, in addition to this, araounteil to 12,935 acres; and 
t^ ' ' f the river from Croydon to Wandsworth wae rather less 
ti "'i. The entire details of the survey were also given in a 

tu.. ..■ ;....^. 

Jan, 29, and Feb. 5 amf 12.— Before proceeding with the re^lar business 
on the 12lh of Februar>% the president dbected attention to the donations 
to the library which ha<) Iwen received during the present session; particu- 
larly noticing the handa*jme edition of the verj^ deftailed account of the 
* ConBtriKtioti of the Great Victoria Bridge, in Canada,' from the author^ 
Mr Jam*3« Hodijc**; the 'Refjrtrt on the Ganges Canal Workj*,' in three 
volume*, with fi>lio atlaa of pUtes, from the Council of India, throui^^h 
thc^ author, dtlonel Sir pMfhy Cautley, K.C.B.; a useful German 
periodical, entitled * Zeitschrift f tir Bauwei^en,* from the commenoemoDt 
in 1S51, from Mr. Wr W. Collins, M.Inst C.E.,— who had also pre- 
sented a copy of MfwbTs. Tttlliaunen anil Gardissal's * Techntilogjcal I>ica 
tionjirv in the Enjy;liidi, French, and German languages; — aiid the 'OtBcial 
^D ' rwnJ Illu«trate<l Catalogue,' with * Reports by the Juries,* 

_Dt Kitinu of 1851, in six volumes, imperial 4to., from Mr. 

'A: I'll ^^-' '.Inst. C.E. The president, in pro|)oeing that the 

c*>rdt:' Meting be given to the several donors, eacpressed 

the h] • llent exaniple-§ would not be lust upon the many 

nvw meaiU-ra «tiuj i*6KbHM.i«tt^ who had recently joined the Institution, and 
tltat it woultl be tlie ct^nbtant aim of members of all clagses to triiLinfjLm 
tlie librAiy in the highest possible efficiency. 



Tlie DiscuMJoii upon Mr, Braithwaite^s pnper, "On the River Wandk; 
iU Afinnr^jf, TributariUf and PolUfion," occupied tlu*oe evenings. 

It was etated that the flow of wat-rr in the river Wandle was Hubject 
to *?xtTaordinary viciwtud*-*, eoch as were not usually met ^-ith in a 
fr»r- .<«. i.^,,;T,jT from th^ ri n j^- ^-'^k wh^^n the nvsr was gauged at 
< ^l the <]\m r I » h low a« 1 1 , 200, <) 00 gallons per 

<l \ '*t thft MTii iitifii gallons had Ijeen measured 

tlrtily. Tln»o;L^h pliort, thif river waw int#."rEBtmg mechanically as well as 
g#.oViijif?^l|T; TTieohftnif^ny^ nm •<iTnf nf the best mills Til England were 
I" n, and aiTotbT by Kennie; and 

u: fyf water drau*n from the chalk 

hiin- M, - ■ - tribut*«l to the upheaval of the 

ohatk. and i lay, l^etween the riven* Wandle 

and CVay, so r any large ain^punt of water to 

escape fwm Ihc chi^Lk betwec«n t. Croydon and Carwhatton. Tlie Bourne 
was dependent on excewive and Inng-continued rainfall; in fact, to the 
fall of water in a limited time l>eing (^ater than tlie capability of 
aljpoqttion- Wheii these conilicions were reversed, then the Bourne 
censed to flow. It was however contended, that thure must either be 
wmm CTTor in the gangings at Hack-bridge, given in the paper as 
68.488,620 and 62,760,98u gallons daily, or else that there had been 
exoqHioiudly wet weather at tlie time ihey were taken: for as th^ drain- 
age area only contained fid w|uare miles, there must 1ms a dcj>th of water 
equal to a permanent flow of 29 inches off" the ground to pixsluce 
l?3,<K»0,000 trallmB every twenty-four hours. It was ^'marked that the 

^'^T ■ *- ^^r ..: _ .1 ,jy^^j. ^v^|^,j| ^ ^j^ exceptional cha- 

r- L^* area •! | of a few thousand 

»'- :hat area th . ..-. .. large tract of chalk 

country, from which no gtreams flowed, the water chiefly inBuing in 
sprinpi at a distance from where it fell Home of these springs were 
intermittent, as was the OMO with the Bourne, not flowing mc^ than 



once eveiT five or seven yean. The rainfaU in the diskiet Tiricd frona 
16 to 33 mchee, averaging 23 inches^ whilst the ainoiiiit of evaporatioa 
was more nearly a constant quantity, varying between 15 and IS inchM| 
and averaging 1 7 inches. The fluctuations in t^ river Wandle might 
therefore easily be accotuited for; but the extremes of difference were 
inoomponbly leas thm in many other cases. To this it was replied, 
that t2ie Bourne was not an intermittent spring, but was constantly 
flowing underground between the Godstone qoanies atnd the Bourne 
cnivert at Croydon. The origin of the spring m^ht^ it was said, he 
seen in Uie driest summer at those quarries, '&B flow &om the quarries 
and from other sources into the culvert aimniinted to 600 gailoni pa 
minute. It was not until the quacries were about two-Uurds fuU, and ooo. 
tained about fourteen or fifteen million gaUooi ol water^ that the water 
ran into Marden-park. Then the other outlets being insufficient for the 
disch&rget it bunt out at that place. There were three channels which 
it took:— fii8t, from the quarries to Croydon. Secondly, a channel origi* 
nating in the neighbourhood of the quarriee^ but only appearing above 
ground 4 miles lower down. It onl^ began to iasu^ out at this point in 
November last, and was now running at the rate of 1 400 gkllons per 
minute. The thml stream C4>mmenced near Marden-park, on the road 
to Birch Wood. It began to run this month (February), and was now 
discharging 34)0 gallons per minute. Thus, so far from the Bourne 
rising in Marden-park, it was only when the fint and second channeb 
were overcharged that it flowed there. The oomblned waters fmm 
MardeQ{>ark and &om the se4xiod chaimel were now running bdow 
Riddle^on^ti at the rate of 1500 g&Uons per minnie; but the flow from 
the mouth of the Bourne culvert was 3500 gallons per minute. 

It was contended that it was an unscientific mode of proceediJlg, to 
calculate the avuilable supply of water for waterworks purpoaee by ft 
system of averages. The minimum quantity was that which shoula be 
taJcen. The rainf&l) had been known to var>^ as 1 to 2, that was^ from & 
minimum of 16 inches to a maximum of 32 inches per annum. Again, 
in one mouth in 1859, the evaporation exceeded the rainfall by 3 inches; 
whilst in the same mouth in ISOO the rainfall exceeded the evaporatioa 
by the same amount, making a difference of 6 inches. Further, the 
quantity that would eoak into the ground was dependent upon tfao 
season and the previous state of the atmosphere — for if the ground wm 
veiy dry, and the buu had much power, the rain would be nearly all t9- 
evaporated— as well as upon the state of the weather at the time when 
the rain fd^ the time in which it was falling, and the aljeorbent pro- 
perties of the SOU. In chalk districts too mudb generally was rehe<l on. 
Out of a rainfall of 2S inches, n»>t more than 5 or 6 inches penetrated by 
j^^vity, or suidc beyond the influence of sujnmer heat. A distiiujtloii 
must also be drawn between a rocky precipitous district and a chalk 
fonnation consisting mainly of fiat table land. TTius, on a hill of clay, 
or primitive rock, with a rainfall of 1 inch in ten or twelve hours, nearly 
the whole wuulil run off. But on the steep chalk hills round liondon, 
rising U* a height of 800 or 900 feet above the level of the sea, although 
there might Iw a rainfall of 2 inches in an hoiur, as sometimes hanpened» 
the whole of it would soak into the ground, lliere were Jwge distrieti 
of an abflorbent c^harocter round London and elsewhere, mkI on such 
flrainage arcus the whole of the water entered the ground immediately, 
especially duiing hea\y rains. There was consequently very little flood 
water, the rivers were more equ.'ible, and the springs more continuous, 
than was the case with water flowing from other formations. On the 
red sandstone formation water was absorbed as fast as it touched the 
surface. In mountainous tiistricts the minimum had been obsen'et^t to 
be one sixteenth of the average flow, and the floods were sixteen timee 
as great, the ratio between the minimum and maximum quantities t*eing 
about 1 to 3(tO. It was further remarked tliat, in this climate, the volume 
of water in streams and rivers had been known to varj' frt»m 1 to 500, 
In tropical or pemi* tropical countries, there was a much wider margin; aa 
a dry ravine might become a destructive torrent during rains and 
thunder sti]irms. In the hiU districts of Lancashire, Yorkidiire, and 
Derbyshire, the i-prings amounted in dry weather to from a half to about 
three-quarters of a cubic foot per second, for every thous^^d acres of 
contributing gr^jund, whilst the floods amounted to 200, 30<», and even 
400 cubic feet \)*iT second from the same dridaage area. lu the more 
impervious grauite diPtricta, and oilier primitive formations, there was 
almost a Vital absence of spring, and nearly the whole of the water 
went off in floods, the yield by springs in summer b?ing trivial. 

It was obinerved, tliat in a chalk country the volume of water in n 
stream was dependent upon the amount of percolation, though there 
might not be a direct ratio lietween the two. Streams were the result 
of the water draining out of natural subternmean reservoirs, formed by 
tlie rain which hod percolftt^ through tlie chalk, and which was held up 
by the impervious strata beluw. It rlid not follow that all quitted it In a 
single year; but it containe<l sutficieut to funui<h a certain outflow for 
four or five years, even if there was no rainfall The inellnation of the 
purfiuse of the subterranean store of water was dependent not only on the 
amount nf percolation, but also upon tJio nature of the chalk. In the 
middle chalk, north of London, the inclimttion of the water-line was at 
least 13 ft. fi in. t^> the mile. In its lower beds, th*^ ,v-^>i ^^ of f^ 
nature to incrt^juie the friction, and it would be found il lood at 

an iuelimition of about 19 ft. 6 in. to the mile at BerUi i i, and ftS 

much as 40 feet to the mile in aome parts of Kent, and cW- where. The 
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** Boome * wkioh \uA been alluded to in Uie papery aod of whicb there 
WM * limllar cue in Hertfonlehire, might ariae entirely from an exces* 
«Te mpply of w»ter to tfae rewirvi>ir, when the inclination of the aurface 
of the reeefroir bticomiug greater, a utream would run on the surface 
where there was uoiie b^^fora. A tnble of the Tainfiill and percolation 
throu^ Dalton gauges, at NoAh MilUt Herta, was then given. The 
gauge now uMd oonaiited of two caet-iroa cyliiutert, each 18 inchefi dia- 
meter, ttuned to a knife edge at the top, and nnnk to a depth of 3 feet 
below tho level of the ground. One was 611«d with ordinary surface 
•oil, and tho other with fragmentary chalk, hoth being covered with 
gnw and veti^tation. Any rain that fell waa abeorb^ by the earth 
witluB the cylinders, and whatever wan not carried off by evaporation 
waa ooUected in the bottom of the cylinfierw, and ite amount aecert^uned 
in the ordinary manner. In this table the year wm mwle to conimecioe 
on the Ist of October and Uy terminate on the 30th of Heptember; and 
the lint six months were contfiden^d to be the winter half-year, and the 
last the summer half-year. It shtjwed that hy for the greater amount of 
peroohkticti took plaoe during the winter months, there being frequently 
BOine duriuj^ the summer; and the average summer percolation thruiigh 
•oil during twenty-five yesLTS was leei than f of an inch. The maximum 
winter ramfaJI wa« in 1352-3^ 20 '2 7 inches; and the maximum perco* 
lation in 1841-2, 17&3 inches. The minimum winter rainfall waa in 
18i9-60, 8*58 iochee, and thd minimum |>yrcolation in 1858-59^ 0'9 inch. 
The maximum summer rainfall was in IStSO, 20' 4') inches, and the mini- 
mum in 1843, 8 07 inches. Though the annual average rainfall of tha 
last aeven and the previous dghteen yearA was nearly the eame, yet 
the proportions of the winter and the summer rainfall were 13-86 tn 
12' 79 inches in one peric^d, and IT^l to 14 '58 inches in the other; and 
the average winter perc^ilation waa reduced from 8 635 to 4 601 inches. 
There wore many ciroumatanoes which affected percolation. If, for 
instance, 4 or jj of an inch of rain fdl on on© day, succeeded by three 
or four fine days, ver^ little percolation took pkoe even in winter. But 
dbouM 2 inches of ram fall on two conseoutlve days, then, even in Hiiin* 
nbsr, water would find its way into the ground. 

It was remarked that, of Ute yean, the lower part of the nver 
Wandle had been subject to great fluctuations^ due it waa believed, in 
•dme degree, to agricultural land drainage. Now, as soon sa rain feU, 
it was more immediately discharged into the rivers and streams, the 
floods were more rapidly carried off, and were greatly augmented in wet 
weatbor, and the flow of nvers was diminiBbod iu dry seasons, so that 
there, was frequently a great want of water. It was urged that there 
•houM W an eomomy of water during the winter, and the jirrrper means 
of discharging it for purposes of utility in the summer. 1 1 wrw tlionght 
ths^ tmderdrainage was someUmea carried to too great an extent, making 
tlM tfoil even dry and sterile. In the fen districts, if the water was 
drahied below 2 ft. 6 in. or 3 feet fiom the surface, the crops were 
diminished in weight. On the other hanrl it waa urged, that under^ 
d»iiyi^ might have the effect of pennittuig pArtJcular soils to absorb 
the ramfall quickly, and to give it out again in evaporation; aud in 
tibeae cases, uuderdrainage, so far from causing fifiofle, would have the 
eflbet of preventing them. It was assorted thAt those whn had paid tho 
gTBttAest attention to thid subject considered deep ag^oiiltund drainage 
to be the mosit profitable; and that, m far from the drains acting as 
culverts to carry off all the water from the land, they served to econo- 
mise it. It had been found necessarv in stiff claya to place the tlrains at 
ft depth of 4 feet, so as to keep that depth of ground warm and mellow 
for tlie nourishment of the crops. In porouji ground, such as sand and 
gravel, the drains might be wider apart, and be carried to greater 
depth. The object should be, not to allow the water stratum to rise to 
the roots of the plants, and thereby keep them constantly cold. It had 
been said that umJerdrMnage increased both tho droughts and floods. 
The latter effect could scarcely \m doubted; but drougbfci could only be 
increased by lessening the rainfall, which might probably result from 
diminwhing the ev— --•^--i It had been determined by experiment 
and by observatio? there were not wanting many contnulictory 

faotfl, thml by un i ,:• evaporation waa diminished rather than 

promoted. Thus, supposing the evaporation from water surface to be 
S3, the amount from saturated surface would be 30, and from drained 
surface about 20. The soil down to the depth of the drains hod been 
found to be in a state of the most minute disintegration and cununinU' 
tiou, thus creating those chaiuielfl of attraction which would bring the 
wvter up from beoeath the drains to the surface. Water only entered 
Crom the bottom of the drains. As the soil below the drains must first 
be replenished by the rainfall before they could run out, and as the 
water must pass the drain to replenish the siibterranejui depUi8, it was 
clear that the crust of 4 tt^et on the surface of dn^ed land was uoinifHJr- 
tant ill the considcratiort of this questiocL 

As this diseii^^ion ha<^l an important bearing upon the post, present, 
and most ct^rtainly the future of almost every river in Enghknd, it was 
♦ I' •" ht. that the effect of urban drainage ought to be cai>:!fully con- 
I. particularly in the case of smali streams flowing fmm chalk 
14. It was admitted that towns ought to be drained, cleansed, and 
be pnivided with all the conveniences demanded by the present state of 
ovQisation; but it was contendud that it was not necessary that the 
nv«ta should be foule^l, there lieing several prooeises by which foul water 



might be previented from runnmg into streams. The Wandle was » 
notable instance of a nvcr being polluted without cause. The sewomge 
of the town of Oniydon was drained into it, and the sewagerwaitei' wii 
said to be deodonsed, but an iniufficient quantity of disinfecting fluid 
was useti to accomplish that object. It was afterwards turned over the 
hwid (or the purpose of irrigation, and was subsequently allowed to run 
into a stream communicating with the main river. The retnilt was thftt 
an abominable stench was produced. The works at LeLoester, erected 
by Mr. Wioksteed, M.Inst.C.E., tliough not oommercially remunerative, 
effected the purification of the water. The expehse was not inordinate, 
as the experiment was maiie at a cost of £40,000, and at an annual out* 
lay of £2500 a year, for a jKjpulation of 70,000 inhabitants. There were 
two other modes of purifying t<:»wu sewage-water, by pumping it over 
large aress from tanks — a system tlie oust of which was wo great as to 
prevent its application — and by running it over land, and then it was 
worthless e:coept as an irrigant, unless in combination with si>me cheap 
chemicsi agent. The iM3at(un why sc wage- water could nut \m applied 
successfully to the irrijcation of laud, in tho cise of a L\rgo town, waa 
tliat, as the sewage would have to travel a considerable distance, the 
fertilising matter became oxidised, and therefore valueless for agricul- 
turol purposes. With small towns such need not be the case, as the 
sewa^u might be applied fresh, before being decomposed; but then it 
would be a nuisaooe imiess previously deodoriived. 

It waa remarked that at Leicester, out of 13.000 housea, only 700 
were connecte<l with the sewers; and as the town was phjntifully supplied 
with water, and the surface drainage of the streets was allowed to run 
into the sewers, it was not surprising that the sewage-water was tole- 
rably clear. At Croydon, on the other hand, there was rarely ft house 
without a water-closet^ aud in many oases two or threi*, all of which 
emptied into the sewers. But on the other hand, it was shown by the 
Report of the government chemists, Messrs, Hofmann and Witt, that 
the Leicester sewage matter was of the same ftvera§e strength as the 
London sewage. 

It waa obsCTvod that, thonc:h the parish of Croydon had a population 
of 80,(>«>0, vet ther« wi^re only 20,000 inhabitimta in tho t^jwn; and as 
regairleti tlie l«jcalit;v^ inhabitetl by the other 10J>00 pcreons, its water- 
sheds were LD other directions, and itH draina^^e had nothing to do with, 
the Wandle. When the Boanl of Health wm ewtaliUshed ten years ago» 
the river just below the town was foul with deposits of offensive mud on 
eouh side of the stream. Pre\iously no effort had boeo made to keep 
the filth out of the river, nor was tliero any arraugmneut for purifyiDg 
the aewftge; and t!ie rivor wad, iu fact, the gener^ dust-bin, sink, and 
sewer of the town, bince then no exfKense had been spared to prevent 
the pollution of the Wandle; and it was believex.1 that now there was 00 
other inland town better drained, or where the sewage waa disposed of 
with leas inconvenience to the netghlx»urh&i>d, than waa the case at 
Croydon. The problem had lieen by no means an easy one. There waa 
a p<>pulatton of 20,000 at the had of a rivpr— at its very urn — with no 
other outfall or means of drainage but into the river. Now the sewage 
from 4000 houses was entirely intercepted. It was received into gba.'d- 
pipe sewers, was largely diluted with water, 200 gallons per house per 
day being uj*ed, and in one hour it was 2 miles from the town. The 
sewage was conducted through some fields, away from the river, till it 
came by gravitation to a farm of 96 acres belonging to the Rmrti of 
Health Here it wfts strained through gravel filters, to remove the 
coarae solid matter, about '20 Unvi of night »oil hti'iag obtained per week« 
It waa then, in worm weather, mixed with M'Dougall's fluid, as Urge » 
quantity lieing employed as was foujid by exf>erience to be necessary or 
useful. At firet 1 gallon of fluid was applied to 20,000 gallons of sewa^- 
water, but as Uiere was then a perceptible smell of tar at iho outfall, tJia 
proportion had been reduced to 1 iu 30,000. 8ul)Be«|uentlv the sewage- 
water waa flowed over and through the grasi^ and land of the fwTii. Tho 
result of sending the sewage over the gra^ luiul waa, tliat the ertn»a were 
largely ih creased, and the water fiAiwed uff pure and clear. There waa 
no off^jiutive fiineU, as the sewage was rt^cent and umcb diluted, and it 
waa only unwlwilcsome m iti eJQuvla when allowed U> stagnate until 
p\itrefa',^tion began* The sanitary o^mdition of tha town had also been 
greatly improved, and it was urged that tlie Croydon Board of Health 
should not be blamed or ditipAJuged, wlieu they hat! done and were doing 
all that waa possible in the exiitting jd^U? of knowledge on this isubject. 

In T^fer^noe to tho value of "clear* wat€?r, it was mentioned that 
recently an inquiry had been mode, whetb&r an order of the Cbuit of 
Ciiancery was being duly carried out in the case of Barnard r. Arkwright. 
The docuiion in that caae had been, that no i^emicious water from the 
cleansing of oertain dog kennels, where some hiud of arsenical prepara^ 
tion was employed, and from the larders a^yptirtenant thereto, tlie dogs 
having been led with the flesh of ghindered hoiees. shoiUd be allowed to 
How into the stream at Harlow. Th^^ defendant boil constructed filter 
bcdi, and adopted a variety of contnviinoas in order to insure the water 
fiassing away "dear" and pure; ikud «o it did to all appearance, but 
when bottled and allowed to remain for a day or two, it became perfectly 
pestiferous. This shuweiJ llutt the aotutvl wnditiou of water could omy 
be ascertained by cheuiiual ftiialy^is, and that mere appearanees ftknift 
must not be be truMed. 

In the course of inquiries ivtatiire to the poUutioD of rivers^ it was 
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foned thfttCm^nlmi pro?e J the oonverte of Qm propoutioD, that tho quaftidn 
of MTWBge inig&tioii wu still far from sulntion. There warn no releTaaoy 
wbateTer betimn sewage as it iraued in » Uqnid BtKte from eewion, wad 
^UAtia aa it waa in m aolid atftte impoirted; nior jet between the sewage aa 
il iMoed fi^cua the aewen, cfaunned And pounded up and subjected to the 
•elioa of the aAtnoephare and water, and the Uqmd manure (bond In 
lanka in farm-jftrda. The conteDts of the aeweis beii^ thiis practicallj 
pmved not to poeseea a fertiliaing ohanu3ter, it waa oonaidfred whether 
hy may known proceaa they ooda be mtuU to aasume & oommeroml value, 
Tbib prooeiaefl hitherto tried might be divided into two daesea, the 
"•olid'' And tba "liquid." A& a favoimbOe illiistratian of tha4<ntaer; 
Moaitw wa* eited, where the sewage wae mixed with oily und fatty 
mnttin from the woolen maiunf actoree and the woot combing* All th^ 
town reqttired wim, not profit* but that the river should be saved from 
noUution, by a system of deodoriaation, and the eeporation of the sohd 
rrom the liquid matters. In theee respDcta the worka h^ been suooeesful. 
But the bkrge quantity of debris obtained by the lime pfooeai oould not 
he dispoeed of. In faot^ a profit could not bo reaUaed by the miuiufacttire 
^ aolid OM&uiea trota sewage, a« hod been anticipated* The pnitmoters 
vi the Stanley-greed Worka having tried the "lobd" proccRs, and f ailed, 
reenrted to the "liquid" proceas — to the application of liquid noanure to 
market gardens in the vicinity. But the gardeners objected, and the 
denuuid not being equal to the supply, the works were closed. The 
OMiydon eewage being poured on the limd in a liquid state, proved to 
be a great nuisance, and when vitiited in 1858 there waa a hvge acou^ 
mtiUibn of solid atuC It waa believed, according to the testimoiiy of 
tboie best able to give an opinion on such matten, that theee workii 
had caused the very oonuderable diseaae which at one time viaited 
Croydon. It had been laid down that malaria might be indnoed by 
open lewera and liquid manuire pandng through them; whilst it woulcl 
hs pn»vented by the liquid passinff through pipesi aiMl applied tn the hwd 
by the hose. At the Watford Works, liquid manure waa applied to the 
hoilM Ittnn of the Earl of Essex, near Caahiobury, under the most advan* 
lageoua Qinmmatancea, but yet it wse nut commercially sncceeaful; the 
gnUB produofcd wag of a isnk character, and the works were a nuisance 
to the whole ikeighbourhood. At the Ctaigentenny Meadows, Edin- 
burgh, the proceas of sewage izngation had been in operation for aixty 
rears. The sewage ran immediately upon what waa waste land, and a 
large amount of graas waa prodticod. It was contended that suoceat was 
due in this case, firvt, from the fact of the land hesing of no intrinsic 
value; secondly, from its peculiar ftosition; and thirdly, from its being 
poanhle to eell the produce — gnias — to mat advantage, owing to the 
prosimity of the meadows to the city of Edinburgh, where milch oowa, 
kept in stalls, weire fed on the trcah out produce. These meadows had 
been admitted to be a source of nnjaaooe, and injoriout to health, espe* 
dally in hot weather, not alone to the immediate neighbourhood, but 
emi to pervQUB raaiding «t a distance of 2 miles. As another illustra- 
tion of the failure of open liquid sewage irrigation, the city of Milan 
was quoted. The sewage waa there poived upon meadowi m the 
vicinity of the city. According to Dr, Capelli's evidence, thia had a 
decided tnfliieiice en die health cl the inhabitanta, eapeciaUy children, 
pf^uomg aguSt neuralgia, rfaeumatiajn, and remittent fever. There waa 
therofora evety reason why canitaliata should be deterred from embark- 
ing in sewage speculations^ which, whilst they began in delusion, muat 
inevitably end in failure. 

It waa contended, that the high value of the Gnugentenny Meadowi 
waa due entirely to the effects of the sewage that was put upon them, 
and not to their proximity to the city of Edmborgb. It was stated that 
thia land, previoas to the applicatii>n of the system of sewage irrigatinn, 
waa bare eea sand, and at present it was merely covered with fmd mat- 
ter to the depth of an inch; that it was waste to uae M'Dougall's disin- 
fecting fluid for nine montliH in the year; and that sewage might be put 
upon the land if it was fresh, and the lnufi would disinfect it without any 
deotlorijiing mixture. Putridity caused offenfiveneasi and putridity came 
with age. 

A doubt having been eiqireseed as to the oorrectoeas of an ophuon 
jriven in the course of the discuMion, reblive to the failure of the 
»taadev-gxeen Works, it waa furtb^ stated that the underiakmg waa 
ataried bf a eompany in 1846, when nearly £5O,()C0 were expended, 
but no dividend waa ever declared. Not more than 100 acres of Uod 
wtie watered at ime time, nor was the system extended to more than 
150 acfresf and probably the company neviff received more than £500 for 
lenl A steam engine waa erected at the Cknmlor^traet aewer, and 
from thenoe the aewage-water, which waa ndtber strcit^ nor of a ferti- 
lising chacBOtar, wai pumped upon the market ganleni at Fulham-fidds. 
8ttheeqtiestly, the aewage camiiig along the Ranehigh aewer from Pad- 
dmgton waa intercepted, and forced trough pipes to Stanley-bridge. 
This matter was much richer, and the farmers did not object to it on that 
■core. But the dilficultieB were endless; and it was thought that tbe 
idea of pumping sewage, and delivering it at a distance, after the manner 
of a water company, was perfectly impracticable. 

In r^ly to the observations which had been nuule aa to the operationa 
of the Croydon Board of Health, it waa stated that the intercepting 
aewer* carried off a large quantity of water laiulng from springv that 
would otherwise find ita way into the river; that the vegetation at the 



laim wae rotten, tad^ le a •peoimen of imgalion and appUcation of 
aewage muiuie, it was, whether of sewage or dear water, the wurst in 
existence; and that many of the aheep had lotted, abovnng that it wb«i 
not a healthy piece of ground. It should be remembered that the 
Board only took the land into their own hands in consequence of getting 
into difficulties with the previous occupiers, some of whom took pro- 
oeedings to noover damagei cm account of the application of thii aewage 
manure. Thia method of spplioatiou of sewage waa not oomidered to 
be a proper one. It would be better that it should be simply treated; 
ao as to prevent its beooming a nuisance. First, by straining, the solid 
matter (much of which consisted of decomposing animal fibrine or al- 
bumen, giving out a most odious stenchf might be removed. If thii9 waa 
then mixed with quicklime, so aa to be deo<lonsed, it would make a 
good dry manure for the land. The next step waa by prec^tation, 
which might be easily effected with qcicklime. By these means the 
water wotdd be rendered clear and bright, although even then only one- 
fourth of the organic matter would have been removed. This alone 
would not suffice in comparatively tmail rivers; then an antiBep4ic must 
be provideil, and there wan Itelieved to be none better than M*Douga]l*a 
fluid in c^imlunation with quicklime. The water would thus be reiK 
dered perfectly innocuouB. The idea of making the sewage mattat of 
townii commercially useful shciuld as a rule be altogether abandoned. 

The laws relating to water flowing above ground were dear and weU 
defined. They allowed a certain limited use and ownenhtp, and any 
undue use or abstraction of such water oould be immediately checked. 
Yet, by a recent deciHion of the Houne of Lords it was held that, pro- 
vided the water flowing into a river by an underground coune had not 
become visible or reached the amrfaoe, it might he abstracted even within 
a few yards of the river with Impunity; m that, in fact, it waa held to 
constitute an entirely different species of property. It waa argued that 
the law ought to operate in the one case as in the other, and that the 
maxim of law should In both be earned out, ^*Sic utere Uto ui tUienwm 
mm fcerfos"— so to uae your property ae not to injure another man^a 
righte. To this it waa replied, that the decision of the House of Lorda 
in the case of Chaaemore v. Kichanlt (that waa the Croydon Boaid of 
Health), was, that water under groundL like the air above gromid, waa 
unpropertied, and not the subject of any prescriptive rights, l^at who- 
ever possessed the soil might smk a well, and pump to any extent, 
however much it might affect others, taking as Urge a quantity of water 
as he liked fnim beneath his own land; and if he dried or injured hja 
neighbour's mill, mill-streara, or pond, that neighbottr had no remedy 
agaioat hSm, and must ieek for water by aink^ a deeper weU or in 
oSier directions. It waa contended that, in the majority or cases, no one 
could aay positively that the water drawn by one person came from the 
land of another particular penon^that in fact the course of underground 
water could not be pursued. All parties had therefore an equal right 
to it^ and no other system of adjudication upon auch righta oould be 
devised than that which had been generally bud down by the judges. 
It waa asserted on the one hand, but denied on the other, that the ded^ 
■ions in the cases of Chaaemore v. Richards, and Broadbent v. Rama- 
bottom, had recently been disregarded in the case of Ikmor v, Barw^; 
when it was held that undergrolmd water was the property of the peieoii 
wboae land it would reach by percolation and gravitation from a higbv 
to a lower level. The diiouMHm of the law of water rights was d^ve- 
cated, as it waa considered that it waa a question with whidi the Insti- 
tution wa» incompetent to deal, and oould only be taken to the neglect 
of those matters which more properiy belonged to dvil engineera. 

In replying to the remarks whicb had been made in ^be oouiee of the 
discussion, it was ttated that there were many cucmnstanoes to be 
taken into consideration with rcgnrd to the supply of water to rivera. 
i^ime were for the meet part constant; others were fluctuating and vari- 
able. In any particular diatrict the surface of the gromid and the 
nature of the soil were constant, but the extent of motatore in 1^ 
ground waa variable. Again, some toik took up &0 per cent, of moia- 
turo, otherw not half thut quantity. The rainfall was variable in amount, 
and iu the time and marmer in wiiich it fell. Tlie hjgrometric condition 
of the air was likewise aubject to many variations. EvaporaHon waa 
influenced by the vdodty with which the air paaaed over the ground. 
Thus, taking tho evaporation over a given ^iaoe tm 2 with a miodente 
bn^eie. it would be 3, and even 4 or 5, with a gale of wind. 

In o including the diooundon, the hope was expreesed that more atten- 
tion would in future be paid to the pnnervation of the salubrity of the 
rivers of this coimfcry. The river Wandle wa* one of great interest^ ae 
from iu proximity to London it had fretiticnUy been suggeeted ae one ef 
the sources of the supply of water. But it htid been riiown Ihat fti 
flow vnm subject to great fluctuations; and, taking the minimum quan- 
tity that had been reconied, 10,1KK1^000 gaDomi daily, that would only 
be suffident for the supply of 300,00<>per«on», or about one-tenth nart 
of thepopulation of the metn^p^dia. The propoftioo of the rainfall sow- 
ing oflr by tttreams and rivers could not be detarmined by imf ayiton of 
averages, but only by many years* recorded observationa upon a partloahr 
soil, in a particuliir district, and then these obaervaliona would not «pply 
to any other caae. Upon certain lands on the banks of that nrsr^ be- 
tween January 1858, and Heptemher 1859, 23 inchea of rain fell, at 
acme perioda aa mucb aa I inch in two or three houn, but none of 
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that Wttfeer flowed tlirough the surfaoe dnuni into the river. Between 
BnptgrnhftT And NovemW 1859, 10 inohea of rftin fell, and only then did 
ihe wster begin to fiiMl its waj tlirough tbe iubdr&itiB into the river^ A 
rainfall of :d<» inches hud thut been eraporaied or abAcirbed by vegetation 
upon drained larui That seeuiied to ehow that one of the effects of under- 
draioagf) was^ by the increaiing fertility given to the knd, to create a 
ffreat^r demand for moisture. During a portion of the lzm« over which 
these observations extemled it was a dry scomm, there wah plenty of Hnn» 
and Inxiuiiuit vegetatiun; whereaa laart summer probably one-half the? 
QOanlity of rain would have supplied a lariper amonnb to the springs and 
nven in the district alluded to. In refeftence to the eubjeot of land 
drainage, it was urged that for the ptirpoM of vegetation deep drainAge 
was not required. Providetl tlie moiBture was SO inches nnder d» 
Surface of the ground, that waa the most suitable depth. The late Mr. 
Tycho Wing had ascertained, by oarefolly conducted investigations and 
expenmentiFp extending' over large areas and continued fur many yearn, 
that in dry seasons, when the pennanent stream uf water was below that 
depth, vegetation suffered; and in wet eeasona, if that depth yeas much 
exceeded, then vegetation also suffered. It waa admitted that there 
were many local consi derations to be regarded, as to springs, soil, &c., 
whicti Oiight render it desirable to <lrain to a greater depth; hut it niunt 
be recollected that the great expense of dminoge was not in the cost ol 
the pipes, but in the labour of excavating and filling up the trencheS| 
and tMs was greatly increased with increase of depth. 



[Feb, 1©,— The paper read was *^ On th; ReMidU of TriaU c/ranWi<i 
■^ Iron Permanent Way.'* By F. Foi, M. Inat. C. E, 
The author stated that he did not wish to be Uiougbt an advf>cate for 
the superiority of ei^.her of the *tysteius tried over other plans, or of ir<ui 
over timber for permanent way, under any and all circumstances : hia 
object being merely to record the results of actual triob, and the conolu- 
jlionis to which they led. 

In 1853 an experimental length of a quarter of a mile (double line^ of 
iron way, on the principle of Mr. I. J. Macdonuell, M.lnst. C.E., was 
laid on the Brintol and Exeter R.tilway. It consisted of a continuous 
rolled iron rail bearer, weighing on an average 83^ lb. pur lineal yard, 
and 11 inches in width. The bearers were united by joint or saddle 
plates 30 inches long, weighing 50 4 lb. each. The bearers bad a rise in 
tbe centre of ^ of an inch, and a rib or tongue was rolled on the upper 
ddo, which fitted approximately into the hollow of the bridge rail. The 
nils ooriginally laid weighed only 53| lb. p^ yard. Between the rail 
And the bearer a thin packing of pine wood was planed, the grain being 
In the direction of the length of the rail. The rails, the bearers, and the 

n' it plates were bolted together, the distanecM between the intermediate 
ta being so arranged m to admit of a rail being readily turned by 
iui0crttwing the nuts, or of a new rail being put in without opening out 
tibe ballast. Transoms or orosa-tiee of angle-iron were plaeed at average 
tntorvals of 12 feet between the two raib, and of 24 feet between the two 
lixkea. This system difTered from the Barlow way, in having the rail or 
wearing surface sefmrate and easily removable from the bearing surface; 
but on the other hand it considerably exoeeded the Barlow rail in weight. 
After a wear of more than seven yean Ibis length of iron way was in 
^>d condition, and bid fair to continue so for some time to come. 
Aboot one- third of the rails proved defective within the first two yeam, 
and had been rephioed by rails weighing 6(.i lb. to the yard. Ilie balWt 
which was v«ry mdi^rent, being a loamy gravel, had been well drained, 
and a thidser paddng, laiil with the grain tranfiversely to the direction 
of the rtulf had been introduced. The bearers and joint-plate«, tran»oma 
and rails, were nupplied at £7 i>er t^Jii delivered; and the ccwt per single 
mile of thia arrangement, exdiwive of the cost of matching and laying, 
was £10IJij. The cost of a stnj^de mile of the longitudinal timber way at 
tbe tome period, taking the rails at the same weight and price, wa» eati- 
iBoted at £13.50. It ehould lie mentioned that iron was then low in 
price, whilst timber was high. Owing to the undue lightness of the rail, 
both of tlieRtt calculations were below the cost of a weU-oooatnicted per- 
manent way. 

Aa this experiment appeare<l on the whole to have been succcisfulf it 
waa d«tennined to extend the trial, by laying 1 mile of double line on 
this system, at a further distance from a station, ao that all tbe traits 
should pass over it at full Hpeeil. Some modiiicationei were however 
mide. The width of the beiirer was tncreaaod to 12 inches, and its 
ihiekikeM was reduced to ^i^ of an inch, so that its weight was 75 lb. per 
lineal yard: at tbe same time the curvature waH slightly increauaed: the 
ptuc! pacidng (croosoted) was thicker, and at the rail-juints pLeoes of hiuti 
wooil laid with the grain lengthwise wero substituted. The rails weighed 
*i8 lb. per yard^ The contract for the bearem, joint-platea, and transoms 
was taken at £9, 10«. per ton, the c^ost of the rails being £9. 8t. $d. per 
itin. Thitf lenftk was laid in July 18.^7, where the line had not long 
before been reliallasted with hard cliuker balhkst. The cott of a ningle 
mile, oadusive of laying, amounted to £2511. One mile of timber way, 
laid with the samA tecticn of rail at tbe aame ttmie« cost about £:^254. 

Ai iheM trials appeared to give a rBasonable expectatiou of the greater 
durabiUty and dimtnished cost of maintenance of the iron way^ the author 
IaU jiwtified in recommending a further trial on a more txxtended acalci 



and on different districts of the railway. As the rolling and t 
of tlic curved ttection of bearer wss alleged to be difficult, it was decid 
to adopt a flat e(!»ction. The bearing surface was increaaed to 13 ioidiei, 
the centre rib was rolled ^ an inch deeper, Mid the weight was thus 
brought up to 84 lb. per yanl. Rail joint plates of a eimiLur ieotlon to 
the boarer joint plate«> were bf:ilted underneath tbe bearor at every rail 
joint. Although thts addition luvd been found advantageous, the way 
w^as Htill weaker at the rail joints than at any other pari. Additional 
intermediate bolts were ufled, f^o that the upper and the lower sections 
of the way were held together aa a girder. Ttie contract for the bearers, 
joint§, and tranaoma, waa token at £i^. 12«. per ton; and the rails being 
£9. ld». Id, per ton, tbe coet per single mile was £2571. 

In order to test the oomparative strength of the different sections of 
beai^r, of mil and bearer CM)mbined as laid, and of the rail and bearer 
joints with and without joint plastett, a ieries of experiments waa made, 
the resultH of which were given in a tabular form. The distance between 
the points of support was 5 iieet. Of the throe sections of beai«r only, 
that of 1853 (the first) showed the least, and the flat section of 1859 
the greatest defiaction, under a load of atiuut 5 tons; but in eaoh case the 
ultimate strength did not exceed 7 tuns. Of ths tht«e eeotiona of iron 
way complete, tliat of 2853 waa the weakest^ and the curved section 
of 1857f with a rail weighing 68 lb. per yard, rather the strongest* 
The ultimate strength was reached under loads varying from 19 
to 21 tons. An experiment with tbe flat bearer showed, as was 
expected^ tbe increaeed stiffness gained by placing tbe centre rib 
downwards, thus practically deepening the girder. The ultimate 
itrength of the titnWr way waft aaoertained to be 28 ^ tons, or 50 per 
cent, higher tlian the iron way. It was therefore determined still fur- 
ther to increase the section of the iron bearer. In this case the width of 
the l>earer was 12 inches, and it was stiflened by a web UDdemeath 
3 inches deep &nd f of an inch thick ^a plan which was claimed by 
Mr. W, BriflgcH Adams). The weight was reduced to 7(i lb, per jrard, 
and tbe conti-act for this section was taken at £9 per ton. To stiffen the 
rail joints (which had no plates underneath), and to secure the ends ol 
the mik, an iron plate having a tongue rolled on it was used. This sec^ 
tlon of way had been laid too short a time to warrant any decided ex- 
pression of opinion of it, as comi>ared with the other nections; but aa a 
length of between 4 and 5 single milea wm umler trial, it would soon be 
seen if it posaesaed any advantages. It was {H^rci^ptribly t^tiffer to travel 
over, and the middle web gave it a firmer hold in tbe ballast than either 
of the other sections. Tbe cost of a (single mile was £23Br>. This section 
WAS the fourth mixlification of rolled-iron bearer under trials the entire 
length bt'hig 1 H Bingle miles. 

The fuwrtial failure of the Macdonnell way on the Bridport railway was 
then referred to; and it waa asserted that It arose from the nub and 
bearei-s being too weak, and from a diiireganl t>f those nppliancee which 
the character of the gradients, curves, ballast, and subsoil tendered mure 
than ordinarily necessary. 

In May 185S, a trial length of a single half -mile of tbe cast-iron 
slcieper way of Mr De Bergue, was huil in immediate continuation of 
the Macdonnell way, and on the nnm^ kind of clinker ballaat. WliHst 



ptill preferring a oontinuoua r 
felt bound to state that not a ^ 
the ticjltfl did not v -I ' 
excejition of a littb' 
gfjod a "top'' im CO' i 

more rigid. The cost of this a 



any cast-iron way, the author 

I had been broken, the nuts of 

I rnu- wore very well, and with the 

r tMM fiyhed r»il joints, the line kept as 

J, and was as easily maintainefl, but wa* 

angement per single mile was £2108, or 

£300 per mile less than the Macdonnell way of the same period. 

The merits and defects of the continuous roUed-iron permanent way 
were thus stated. The dofectw, or supposed defects, appeared to be:^ 
1. Tlie great cost, at present prices, alinoet precluding its adoption on a 
railway of limited capital. 2. The difficulty of getting the bearera 
ndted. 3. The possible increased wear of the rails. 4. The greater 
*'waah" of all but very good baUastj inseparable frrmi all ifT>n ways 
resting on or near the surface. And, 5. The difficulty of laying on sharfi 
curve*, and of keeping in place when laid. 

Its presumed merits were: — 1. Greater economy in Uw long run, 
owing to iacr^sed durability: it was estimated that the cost of renewal 
of the longitudinal timber way was £45, and of the iron way only £21, 
per single mile per annum, or less than half, without reckoning the con- 
siderable item of In^Kiur in the renlaoement of the timbers. 2. Saving in 
maintenance, and facility for pacidng, owing to no '* opening out" being 
re«]uired, 3. The ^fely of the iron way, especially as contrasted with a 
timber way whieh had been long laid. i. Tbe facility of changing worn 
rails. 5. Tlie preaervatioii of ajjfe. tf. The lownesa of the 

crown of the rail abuve the b u;e. J, having in the depth ni 

ballast in tbe iiR»e of a new line. .« i.^;, ., The ec[uableneM of the motion, 
rendering it pmbable that lesa injury would be sustained by the rolling 
stock. 



Feb, 2C.— The evening waa occupied by the diBCussion upon Mr. Fox'a 
paper on ** Permanent Way" 

It was observed that tbe Byatemt of permanent way described in the 
paper did nob differ materiully from the continuous Iron w.ty proposed by 
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Mr. H«7fio]4s muij jwrt ago, which bad beeo tried and fMxltd. Looking to 
the effiMta of froit» flMidi, and heavj mins^ and to the great varuitiatt in 
the qiialitj of the biUkat, a oondnaoBs fl&t mm plabe laid oit th« sarfAoe 
was neTer Hkely to be niooenftil in carrying heavy tocomotivea at high 
speedst For a long time to oome either the tnuiaverve deeper or the 
iongituriiniLl timber lyetems woald probably be used, ae they were not 
liable to be »o much affected by the settlemetit of embankmemts, from 
whatever cause ariBirig, the washing away of baUaat^ or the effocti of 
frost. There might be occasions when it would be deeirable to adopt 
some other mode than hiying the line npon wood: as, for initance, when 
time was an object, and timber c<iuM not be obtained so quickly as iron, 
nor yet perhaps eo cheaply. As the prices of materials varitsd very niudi 
at diArrent timet, comparisoDS of cost were practically valuelesii. The 
l^ennaneot way of railways ought to be the moat perfect in oonstroctioni 
and the most conducive to safety and to ease in travellings whatever 
might be its ooet. It was wrong to continue to use the Biune vises of 
sle«pen and scantlings of timber that were first emplo3redj as the engines 
were now thrioe the weight, and the speed had been doubled. To make 
a road fit for the description of locomotive and rolling stock at present 
in ose, and to travel at the same speedf at least double the sum ought 
to be expended. The permanent way and the rollinff slock could be 
made so as to be as safe for sf^eeda oi 70 miles as of 30 miles an hoar: 
it was merely a question of money, there being no mechanical difficulty 
about it whatever. 

It was said that the conclusion to be drawn from the summary of 
advantages and disadvantagee, which had been moat fairly stated by 
the author, wai the complete ooudemnation of iron permanent way. 
There was no advantage in first co«t, and the maintenance was certainly 
more expensive than with a timber roarl, which would be free from the 
disturbances likely to affect the Iron way kid upon the surface of the 
ground. Tliere was abo greater rigidity, and this told in two ways — 
first upon the " life*' of the rails^ and secondly opon the rolling stock. 
The other systemji of permanent way might be divided into three dasses! 
1st, longitudinal timbers, with a bridge rail or a modification of it; 
*2Dd, transverse sleepers, with a double-beaded rail and chairs; 3rd, trans- 
verse tteepers, with a bridge rail, or a modification of it- The ktter 
system was well adapted for light traffic, was inexpensive, and easily 
mainlaJned, Either of these roads, when properly constructed, would 
enable the highest 3|>fwds required in a commercial country to be attained 
with safety. 

Attention was then directed to the comparative difference in the wear 
and tear of rolling sto-ck and of rails, upon a rigid road, and on a road 
that was more elastic. And the many tires broken during the ble frost, 
though no doubt in some cases attributable to an indifferent quality of 
metal having been used, had been caused, it was asserted, in many 
instancea by the rigidity of the permanent way. 

It waa«uted that the Reynolds way consisted of a continuous cast-iron 
trough, very dUferetit in principle to the flat wrought-iron sleeper described 
in the paper, in which the results of experience on one of the best main- 
tained lines in the kingdom had been given, apecnlative opinions having 
been carefully avoided. The different ruads alludeii to by the author 
bud been observed to keep in good condition in all weathers and under 
all circumatances; and the testimony of caret ul enginemen, who could 
generally point out any radical defects in the permanent way, was in 
favour of this fonn of iron way as compared with the longitudinal timber 
system. At the same time it was admitted there wero serious difficulties 
to be overcome in evcrv form of iron road yet proposed. It was impor- 
tant that the system of permanent way adopted on each railway should 
be capable of being laid throughout the whole length of the line, and of 
being carried through stations. ]t was doubted whether the corainuoua 
.wrought' iron way was applicable in stations, or where there were points 
and croaainga. The De Bcrgue cast-iron sleeper presented greater faci- 
litiea in this respect, but a road laid on these sle^>ers bad not the flexi* 
bility of a timber road. One of the things which gave the greatest 
trouble in most kinds of permanent way was the movement of the rail 
in its bearing. This was prevented in the Be Bergue system, us the 
sleeper was bolted firmly to the rail, and formed in fact a bracket or 
extension of it. In a timber road thia evil might be much diminished 
by rofiucing the number of fastenings; and in this respect the onlinary 
single- head rU contractor's rail, fastened direct to transverse sleepers 
without ohairSi waa to be commended as being simple, inexpensive, 
and effective. 

It was contended that practical men in charge of railways invariably 
preferred transverse sleepers to longitudinal timbers; and it had been 
tound that upon the whole the annual expeuae of maintenance was less 
with the fonner system. Thus, upon the road between York and Dar- 
lington, which was laid upon transverse 6leei>6rs, the jointa of the rails 
being fished, 2 miles were maintained for the same sum that it cost to 
inaiAtidn I^ mile on the longitudinal timber aystem. The rigidity of the 

Sennanent way during frost was due very much to the want of thorough 
rainage in the road. By the use of crcoBote the " life" of the sleeper 
was not terminated hy its decay, but was dependent upon the period it 
would Ixiar the usage it was subjected to. If the permanent way had 
to be constructed without reference to economy, which had not been 
the case hitherto, then no doubt great improvements would be madob 



It had been found Advantag^ooiM to aaat th« doubl«-beaded rail, when 
using the ordlnafy chair^ ou a coahion of wood, «ndwaya of the grain. 
Thia plan prevent^ the Indentation of the underside of the rail, and the 
motion of the trains over the line was easier. Steeling the surface of 
the rails had also proved very beneficial. The ooet of applying this 
process did not amount to more than lis* per ton, and the durability of 
the rails was at least doubled as compared with rails made in the ordi- 
nary manner. 

It was mentioned that the plan of placing a wooden cushion in the 
chair under the double- headed rait bad been tried many years ago on the 
London and Birmingham line, and was not found advautageous, as, 
unlets frequently renewed, the rails wore through them. In England 
the double-headed rail was almost universal, excepting on the Great 
Western and a few other lines; but on the continent of Europe and 
elsewhere a deep or broad- bottomed flange rail was most generally 
used; and it was to be remarked that these lines bad been constructed 
afler experience had been ^aioed in this country, and in many caaet 
under the direction of English engineers. From this it was inferred 
that the use of the chair, which had hitherto constituted the great diffi*- 
oulty with double-bead rails, would in future be avoided. In forming 
the aeat for the cliaim, the scantling of the sleeper, which in most ca^ea 
waa already toe small, had to be still further retluoed, so that where the 
greatest strength was required in the support there was the least. At- 
tention was then called to Air, Seaton a system, in which a saddle rail, 
laid on the apex of triangular timbera, forming a continuous bearing for 
the rail, waa employeil. Immediately under the joints of the rails a 
plate waa bedded into the timber by pressure, so as to make the joint 
equally solid with the other parts of the line. This road had been hud 
on the London and North- Tl\ est em (at Bletchley), on the South- Western 
and on the Great Western railways; and it Iwd been found that the first 
cost was something less than the double-headed rail system. 

It waa considered that, as regarded cast and wrought iron roadst as 
far as experience had gone at present, both had proved unsucccs<fuL 
The addition of an elastic medium between the support and the rail, aa 
described in the paper, might however be the means of lessening the 
rigidity, and thus removing the great defect hitherto attaching to iroQ 
roads. 

It was remarked, that en^ineere were now aware that a certain amount 
of elasticity was tieceasary m the permanent way of railways. Experi^ 
ence seemed to prove, that the transverse sleeper road, with the jointa 
of the rails '' fished,** was the bast; and that If chairs could be dis- 
pensed with, it was advisable; but the means of faatening the foot-rail 
to the aleeper were not what could be desired. It had been ascertained 
that duiing tbe frost there was less destruction to the nulling stock on 
lines that were fished than where that was not the case. With refe- 
rence to the mode of fishing, recently, on two short lines where a flat- 
bottomed rail weighing 62 Tb, to the yard had been employed, the rail- 
joint hod in one case been fiaht»d to the aleeper. and in the other tbe fish 
waa suspended; when it was found that the difference waa in favour of 
the fish attached to the steeper. 

It was said that all the forma of cast- iron sleepers yet tried were un- 
suitable for many kinds of ballast, such aa hard broken atone, fiint, or 
other unyielding materials; and that it was doubtful whether wrought- 
iron bearing plates laid on that description of ballast would form a 
pleaaant rood to travel over, unless an elastic medium were introduced 
between the rail and the bearer. Several objections were taken to the 
continuous rolledaroo rail^ bearer; for inatanoe, that in passing ruund 
curvijs, and at stations amongst points and oro^isings, it would be diifi- 
cult to bend the bearer tateraUy in the same degree as the ratlt and to 
match the lengths of the roils and the t^arers so as to moke the bolt- 
holes always oorreepond, and tbua avoid the noeeasity for drilling fresh 
holes. The beat form of transom for the longitudinal way waa asserted 
to be a fiat bar of iron, pbiced vertically, so aa not to take a bearing on 
tlie ballast, leaving that duty to be borne by the bearer; aa otherwise 
when the road got out of order, a series of jerks was produced on travel- 
ling over tbe line, in consequence of the increased reeiataooe at these 
points. It v,as contended that though the use of iron as a rail- bearer 
WiiS still in its infancy, yet in this land of iron it was lair to conclude 
that improvementB would be made in its application to this special pur- 
poae, and that iron ways would ultimately become the rule rather than 
tbe exception. 

The statement, that whilst the weight of engines and trains and the 
speed of travelling ha<l be^ increased, the permanent way had not bwn 
proportionately improved, waa thought to be capable of some modificft' 
tion. Twenty years ago locomotive engines averaged 15 tons in weighty 
supported on four wheels; now tbe weight was doubled, but there were 
six wheels; and the greatest weight on the driving wheels rarely exceeded 
12 tons, in the same time the running speed, which was what tcld oo 
the permanent way, had not been increased more than ^5 per cent. On 
the other hand, looking to the pemianeut way itaelf, the raila now in 
use, taking the London and Birmingham line aa an Ulastration, weighed 
S 4 lb, to the yanl agalnat fifi lb. at the former period, and the ehaira 
45 ib. instead of 25 lb. each. There was also one more aleeper in each rail 
length, and the jointa of the rails had been strenMhened by the addition 
of ^^fiahea*" Only m amaU proportion of the umortunate accidents thai 
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bad ooeurred on milwaji of lute jtfsn ootild be attributed to v^eaknesi 
of tbe runnrng tom/I. They MeDed rmlher to be dae to the giving wnkj 
of •ouie part of the roUing itodc. Od theno groundn, tbe awertvil it)< 
iiiffidency of tbe preaent permanent way, and tbe neceadtj for doublmg 
tbe 001 1 At the outset, were disputed. 

In replj to th« obi«rvatioiis which had been made, it wae remsrlced 
Ibat the greater portion of the iron waji alluded to in the pnper bad 
been in uie eight jeara, which^ although perhaps not a aufficbnt lime to 
•How of a decided opinioo beiug expresiied, was surely enough to enable 
■otne opinion^ founded on experience, to be giren. It bad been sAid 
that the systems described by the author had been tried and rejected 
upwards of twenty years agOj aud Reynolds' hog-trough cast-iron Bieeper 
waa cited ae a case m point. Now the continuous roUed-tron rail* bearer 
only resembled that plan in this respect, that iron and wood entered 
into the composition of both systems, Mr, Reynolds* sleeper was a 
rigid continuous trough of a V shapei bolted at the joints, and absolutely 
inflexible, although the hollow was filled with a wooden cushion; 
wher»as the rolled iron way was only too flexible. It was urged that^ 
■peaking from speculation and not from experience, Mr. Greaves* cup* 
aleetpeni might be condemned, as there was rigid Iron resting on eleepers 
of the same material placed immediately on me ballaet. It was mm by 
engineers who bad trittd them, that they gave a great deal of trouble, and 
that the sleepers sucked up water from the balkst. There was a great 
difference between flexibility and compresaibiiity. The terra **riKid had 
been frequently ma^le use of in tlie course of the df^cuiiBion. Irom ex* 
periments it could be shown, that between 5 feet bearings tbe doable- 
beaded rail [^deflected less, and wm more rigid, than the Macdonnell 
■yttem; but as the don bk- bended rail was placed upon timber sleepers, 
forming a compressible cushion, it was not rigid; and for tbe same rea- 
•on, tbe rail on the Macdonnell system being laid on a cushion of wood, 
which it might be desirable to tncreaae, wan not rigid in the sense tijf 
flexibility. In fact the forms first tried were too flexible, and that had 
led to the use of the X kection bearer. It could be stated aa a fact, 
that the maintenance of the Jklacdonnell system on the Bristol and 
Exeter Railway ct^t less than the other portions of the line, in the pro- 
|>ortion of about half a man per mile. Taking that at £20 jier annum. 
It would be equivalent to the interest upon the additional ouUuy at 
tbe first outset. With regard to the aotion of frost upon the iron way, 
it was admitted that was one of the dlffieulties of the system where the 
ballast was had and the line was not well drained. But upon clinker bal- 
last no difficulty of that kind had been experienced, although on another 
part of the line, where the bailast was composed of particularly bad 
gmrd, it had given some trouble. la refefeneo to Mr. Sea ton 'b road, it 
was feared that it would be liable to work loose at the joints; and 
although, looking at the way tbe timber was cut to fona the continuous 
bearing, it appeared at first sight an economical mode, yet the eilgei 
of tbe Umber were liable to be destroyed, and then tbe width of the 
beariii^ would be practically reduced. The diflerence between the Bar- 
low nil and tho Macdonnell system oonsiBted in the interposition of tJie 
elastic cushion between thf* mil and the bearer in the Utt^jr; when that 
was removed the bolts worked loose. Tlie rails could easily be repUced, 
when required; but they had not been observed to wear out faster upon 
the iron way than upon the timber way. The rails and the bearers were 
tmnched at regubu: intervals, so that in putting iu a new rail it could never 
be tieoi Baarj to do more than cat off a short piece at the end ; and as to 
the driiliog, it did not coat more than one penny per hole, which would 
only amount to a small sum per mile. The system had been laid upon 
a curve; and in that case the difficulties which had been suggested were 
got over by making tbe bearers in short lengths, and having a greater 
numbrr of joints. Many of the bearers were bent in the roUing process, 
and these wf^re selected for the curves. As to the transom taking a 
bftftring, tbat was not the c»se, because the tnmsum was hollowed oat. 
A T "^il ininsom was preferred to a thin bar, bt^cause if tbe latter 
received a side blow it would be likely to draw in the gaugec The 
diffisrent systems of iron way which had been tried over sevenl yeat*, 
Yere so far not a ^iiure that they might be pronounced to have been to 
m oonsiderablb extent successful. 

In concluding the discussion, credit was given to the author for the 
candid, practical spirit brongfat to bear upon the subject. At the same 
time it was thought that iron permanent way, at the present moment at 
nil events, was not one which c<juld ha safely recoiii mended All roads 
laid upon embankments, or in cuttJngiii, were liablu to subsidence in a 
varying degree. It was impossible to believe, having a due regard to 
economy and efficiency, and to the fact of engines weighing 30 tons travel* 
hltg At from 50 to 60 miles an hour, under all the extremes of weather, 
nlwst and of frost, that any system of permanent way could answer Lu tlitj 
end which was not laid to a sufficient depth iu the ground. The result 
of 25 years' experience went to show that tbe double-beaded rati, mztde 
of good materials, with properly proportioned chairs, and the joints of 
tbe rails effectively '^fished,** was as near to perfection as oouhl be prac- 
tanJly attained. In the oonstnicstion of railways, the permanent way 
was that which perhaps had been ibe least attended to; and the 
flf«Sil«st difficoiiy had been experienced in getting the consent of 
boards of directors to increase the oxpeasa of the way, iu order 
ta iusure its effidcncy. The hope was ezpresBsd tbat this discussioa 



would have tbe cfTeot of convinciog boards of directors that some 
additiunai expenso must be Idcutf^ in providing better materials 
for rails, sleepers, and chairs than it bad been hitherto possible to get 
them to sanction. 



Mart^ 5<— Tbe first paper rejid was ** I>ftcriptiQn of a Pier ertded ($i 
Sow^Aport, Laneashire.*^ By H. Hoopeb, A.Inst.C.E. 

This pier was constructed at ri^^ht angles to the line of promenade 
facing the sea, on an extensive trtbct of sands reaching to low- water, a 
diiitttnoe of nearly one mile, Ihi length was 12itO yards, and tbe brerailtli 
of tbe fooiway was 15 feet. At tbe «ea-end there was an oblong plaU 
form, 100 feet long by 32 ^t wide, at right angles to the line of fo4 it- 
way. The superetrueture was supported upon piera, each oonststhig of 
tliree cast-irtm columns, and each coliunn wan in three lengths. Tbe 
lowtsst length, or pUe prciper, was sunk into the sand to tho depth of 
7 feet or ii feet. These piles were provided at their bases with circular 
disks 18 inches diameter, to form a bearing sorfaoe. A gas tube was 
passed down the inside of each niley and was forced 4 inches into tlie 
sand; when a connection was ma«le with the water company's mains, a 
pressure of water of about 50 lb. to the inch was obtained, which wati 
found sufficient to remove the sand from und^ tbe disk. There were 
cutters on tbe under Hide of the disks, so tlmt on an alternating motion 
being given to tbe pHe, the sand was looecne<L After tbe pressure of 
water bad been tmooved abottt five minates, the piles settled down to so 
firm a bearing, that whsoi tested with a load of 12 tonja each, no signs 
of settlement could be perceived. The upjxir lengths of the c<tlninnM luitl 
cast-iron bearing plates for receiving the ends of the luiigitudiujd hittice 
girders, each 60 feet long and 3 feet deep. The centre row of girden* 
having double the duty of the outside onea, top ujid buttom plaies were 
add^. The weight of wrinight-iron w^^rk in each boy was 4 Ions 
5 cwi., and of cast-iron work 1 ton 17 cwt. The second bay fr^im tbe 
shore was tested by a loatl of 35 ton*, equally distributed, whem the 
mean deflet^tion of the thr«e ginJers in twenty-four hour* was 1 i inch, 
and there was a pennanent set uf ^ inch on the loail being removed. 

The advantages claimed for this mode of construction were : — 
1 , Economy in first cost, especially in sinking the piles, which did not 
amount to more than i\d, per foot. 2. The Bmail aurfaoe exposed to tha 
action ol wind and waves. 3. Similarity of |>artH, thus reducing the 
coat to a miniintira. 4. The expeditious manner of obtaining a B*)liil 
foundation— an important matter in tidal work. Two humlred and 
thirty-seven pU«s were thus sunk in six weeks. 

The estimated cost of the pier and approacKts was JTl 0,400. The 
works had been completed for £i*319, being at the rate of X7. 15*. id. 
per lineal yard. The pier wcw rk^igned by Mr. Bruidees, M. Inat. C.E., 
and the BUperinteiidt^nce of the couBtructton was intruttted to the author, 
as resident engineer; Messrs. Galloway being the contractors. 



The second paper was **0n the Comtruetidn qfFUatinff BtacWM.*^ Bji 
Bi^DON B. Stonky, A.Inst^C.E. 

The vanous forms of flitating beacons hitherto employed were Arst 
referreil to,^ — includirig, among thnic whoso axis of symmetry was hori^ 
zontal or obUque, tbe Uirrel and the can buoys; and among those wbuse 
axis of symmetry wsa vertii:Al, oi which the con^ might lie oonsideretl 
the tyincal fijrm, the bell kteauon of LivtaTi'M], ihe nun buoy, and ibi) 
«?gg-lK>ttomwl buuy. All these buoys were charaiteristttl by wiint of o\jli- 
Bpicuousoess and by instability. These defects had however lj<e«n |^..atlr 
remedied by Mr. Herberts Couebuttumed Buoy [ride Minutes of I'r<>. 
ceedings, In8t.C.£., voL xr,, p. 1). Iu this ajT*m^*eiuetit it was ong«- 
nally proposed that the moiring-chain «houIii be ait;u;he^l either to tJir 
eentre of gravity, or to the centre of the plane fA floritstion. But tliip 
was said not to have beoo attained in piuctice. m the mooring chain wti#< 
fastened to a point nesarly luilf-way between th;^ pUne i>f tloatation and 
the lower edge of the buoy, and < ' ' ^y Ijelow the centre uf 

gRvvity. If it were f-wtenoil to th« c^ pl^ie of H< citation, th< 

HUthnr believed the buoy would L. ....;uh iucliucJ under ihi- 

influenoe of currents in the opposite durecji^m to tlie current, fit>M thi* 
lateral pressure being below the centre of mfooring, in phu:e of a1»ove it, 
as was nstially the case. 

Being aware that additiona] keels or bilge boards tended to prevent 
ships of certain forms from rolVi * ■' ■ inertia nf the mass of water 
conatTMned to move along wit. ind that advantage bad beoi 

taken of this cireumstanoe in wni ,8, the autl^or »ui't^« tit*-<l tbi%^ 

a similar arrangement might K ii a floating be: 

result was the Keel Buoy. The lure might ht v 

ordmary forms, the dome-shaped Uiiitj preened for con 
The sides were prob)ng^ Itelow tht^ liutUim, lio as U^ form a < i 

within which a largt; b^jdy of v ' Thus, a r u •) ni 

G feet di-^metcr with a keel IS i' coutain a nL^i^j of 

water weighing about one ton^ ^ tl.. lu. .,' 'Vh, 

bolt of the mooring chain, wh 

divided the Aurfaci^ ejcpoi'*^! t" , i t% 

equal portioua. lleni;e, Uie keel Uitiy vsuulJ doat eii et iu tideways or 
river currents!, <^ ^ui e(|UxU pn^i^am^ v*aA exerted botb above and bdow 



1 



m 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAIi, 



lAvrauei 



Ihe rentre of moormg* Th« keel alao gmve this buoj a greater hold in 
the Water, and tlie tendency to pitch wiw diminished. It also acted aa 
ballast placed jn the bett pomtion to sectipe stability. In otm»equ«nce of 
the peculiar form of the keel buoy, and of its itability, the Bupersstruc- 
ture might be 25 per cent, higher than that oE other buo/B of ecjoal 
dUmieter, with the timie coofigtiration ftbove the wotar. The mooring- 
ring had a ahank, which projected through an aperture in the wrought* 
iron bottom. It was firmly ri vetted oa the inside of the bottom, io Uiat 
the atr&ining of the chain could not tcsar it away, or loosen the rivets. 
The author believed that in the keel buoy there was a greater freedom 
fprjm abrupt rootion than was possewed by other floating bodies having 
the name amount of displacement. If a buoy were made very wide in 
proportion to its heightt *ud with slig^ht immersion, it would float upright, 
l>ecau«e it would float like a boa^ on the surface of the water j but 
stability thus gained would be at the expense of manageablenesg. If, 
mi the other hand, stabOity wm sought fur, not by breadth of beam, but 
by balla«tlng the bottom, the buoy would not only be unwieltly but 
expensive. The keel buoy was light^ t^ti* easily handled, and on biard 
ship only occupied so much room a» was sufficient for it to stand on 
end; thus eontrastlng favourably with the can and egg-boitomed buoys. 

In Hie couiue of the diicutsion a regret waa expressed that the paper 
contained no details of the experience of the use of the keel buo^, and 
that thf>re wa« so lit^ additional information to what had been given in 
Mr. G. Herbert's puper in 1S55. It was contended that it was incor- 
rect to call the circufiu* pn^longation of the casing "a keel;" that no com- 
nariaoD could be fairly instituted between such a c^ising and the usual 
biJIge piecea, and that what waa calletl the keel coulfi not have the mate- 
rial effect attributed to it by the author. Also, thnt the keel buoy wa« 
so trifling a modidcatiou of the cone- bottomed buoy introduced by Mr. 
Herbert, a« not to be entitled to any great degree of merit; and that the 
latteT was the stronger form of construction, as the strain of the mooring- 
chain would be upon the crme, whilst in the other it must be resisted by 
the flat diaphragza, or btjttom of the buoy. The oone-bottomed buoy 
was extensively emplo^td by the Trinity Corjwration, as well as by- 
foreign governments, and only two in.stances were known where such 
beAOODS nad been injured by breaking from their moorings, ancl then 
they were destroyed by being thrown among rocks. At Liverpool, 
buoys so constructed, 20 feet in diameter, and standing 20 feet out of 
water, safely rode out the late gales, and on no occjwion had there Tjcen 
the slightest failure in ihat respect. 

The beacons made use of by Admh^al Rir Edward Belcher, in the 
survey of the western ooost of Africa, were likewl^ alluded to. A cask 
of ^0 gallons had a spar driven through it, which projected 3 feet on 
the upper side, and 9 feet below. To the upper end a topmast was fitted, 
and the lower end of the spar was batUuated in such a way that the 
beacon always maintained a perfectly erect position in very strong 
ciurents and tides. 



NOTES ON EOMANESQUE ART IN THE SOUTH 

OF FRANCE.* 

By J. B. Waring. 

Some friends hhve aaggested to nje that it would not be un- 
welcome if I were to give to the Tnslitute a few notes which I 
made during a Jate trip through Fi*nqoe, mostly coocerniog 
umlters relatiDf^ to architecture; and altliough I nm fully aware 
!iow very slight and superticial they are, still aome of my brethren 
in art may tiud them of interest and of use in future days. And 
now that a complete line of rail joiua Paris with Marseilles, 
Marseilles with Tonlou«e and BiJideaux, and thence by Aogou- 
leme and Poitiers to Paris aj^^aiii, audi a trip becomes merely tlie 
pleasm*e excm'sion of a summer holiday. The main object of 
theae notes will be to direct atteDtkm to the Ktmianeaque eoiilp- 
tnre and architecture of the aoulh of France, as seen in some of 
the cities of Provence, I*<iugiiedoCj and the adjoininff diatrieta. 

LeaviBg behiml us the noble examples of Meaiteval art at 
HewTt Dijon, and Anxerre— wliich last, as regardn its architec- 
ture, painted glass (thirteenth and Bixteeiith centuries), and very 
l)eaut)ful sculpture, will repay the tediouanesa of a trip en tmiture 
— we will timfee Lyons our starting-point It is true that there 
ia not mtich here in the Bomaueiaqtie style, but what there is is 
very intereaiiij;^. Tlie principiil monnmeot is the abbey church 
ftf Ainay, a cross church, with an entrance tower, and a lower 
tower over the dome. Parts of this building, iucluding the 
eutrance tower, have been ascribed to the Carlovingian period, 
Kxperieoce has led me to be very diihdent as to aasiguing dates 
without very good anthority; and, although parta may be of an 
earlier ep^ieh, the entrance tower may I think be safely aasimied 
to the early part of the eleventh century. The entrance ia oy a 

* Paptr rttd ai iht Bejal lasiittttt of Brifctili ArchitMli. 



Fomted arch, with details of a more decidedly Roman chamcter 
than can be found elsewhere in the work, and ta possibly an 
insertion at a later period. The re^t of tlie building is plain and 
massive: the internal archivolta are not raonlded, and the dome, 
which rests on angle squinches, 19 snpporteil by antique columns 
cnt in half, to which the other columua of the nave are rooglily 
assimilated. Like other ancient monuments in France, it i8 
undergoing complete restoration. The insertion of red tilea aa 
an ornamental feature, so remarkable in the tower, is to be seen 
again in the facade of the bishop's palace, a portion of which 
(now blocked up) still remains; and as this corresponds with 
similar Komaoeaque arcades of domestic architecture in France, 
all very mach of the same class, we may take the^ approximate 
date above given aa by no means too early. The sort of acroteria 
to be seen at the angles of the tower have been supposed to indi- 
cate a very early date, but that this is no certain criterion may 
be judged from the fact, that they occur also on the tower of St. 
Eadegoudp, at Poitiers, which may be ascribed to the latter part 
of the eleventh or the beginning of the twelfth century. 

Of the old church of St. Pierre only the porta! remaina in its 
origioal state: well designed aud massive, it appears to be a work 
of the eleventh century, and exhibits the large cusping so fre- 
quently seen on the Romanesque churches of the Rhone and of 
Central France. St, Paul's still retains a good octagonal belfry 
and a|>fle of this style. It is needless to dilate on the Cathedral, 
or on other well-known Pointed building of this city, but 1 
would add, that no one i^hould fail to visit the Museum, which 
has been lately enriched by a most interesting collection of works 
in ivory, enamel, metal, &c,, bequeathed by M. Lambert; amongst 
which the statuette in ivory of the Virmn» seated, and holding 
the infant Sa\uour iu a vesica piacis in her lap, ia ppominently 
remarkable. It is solid, about 14 inches high, and opens so as 
to form a triptych, containing panels, with a central Crucifixion 
and subjects from the life of the Saviour in relief. A similar 
portable statue of the Virgin is preserved io the museum uf the 
Louvre, and given in line's ' Dictionary of Furniture'; but 
that of Lyons apijeara of somewhat earlier date, and may be 
ascribed to the end of the twelfth century. 

From Lyons to Avignon, following the course of the Rhone, 
there ia little tliat beara on Romanesque art. At Vienue the 
towers of St. Andre le Bas, and the desecrated church of St. 
Pierre, are good examples of their class. Amongst the few old 
bits left in the Cathedral I would draw notice to the externa! 
arcade on the north side, — to a curious pilaster, in the interior, 
which is remarkable as exhibiting angtxlar bollowa, formerly 
filled in no doubt with coloured substances, of the same character 
as seen on Childeric's sword-sheath at the Louvre, on the lately- 
discovered Spanish offertory crowns at the Hotel Cluny, and on 
the Anglo-Saxon brooches, 5tc. — 'to (also in the interior) a very 
curious frieze formed by the signs of the zodiac, — and to some 
very rough and mutilated statues in the lateral porch (nortL), 
pleasing to antiquarian eyes. I would not leave Vienne without 
asking attention to the large cuspings of the tower of St, Pierre, 
similar in character to those on the portal of St. Pierre at Lyons, 
just mentioned, and so usual in Auvergne, for it is the last time 
we shall find them on our way south. And this leads me to 
remark, that I do not think that any influence came from the 
south into Auvergne; but, on the contrary, that the French 
arcbBeologiste are right in making Auvergne one of the great 
centres of Roouinesque art, the waves of which, decreasing in 
power as they spread in circumference, died away about this point 
in a southern direction.— The cathedral at Valence ia undergoing 
complete restoration, and its curious f)orch is closed to tlie public; 
the interior, however, and the apse with its chapels, appear to 
belong to the early part of the eleventh century; everything her© 
is plain ami massive, and the choir, with its gtiltecj arcade, has a 
peculiarly Hispano-Moresque character, though I believe thia 
arises ou!y from the constructional necessitien. — ^With the ex* 
ception of its magnificent Roman remains, Orange has little 
to detain the architect: the only portion of tlie cathedral not 
modernised is the south side porch. 

We now c^>me to Avignon, that queeo of mediaeval towns, witb 
ita grand old palace, quaint towers, crenellated walls, frowning 
portals, chapelled bridge, the broaii and rapid Rhone, and created 
rocks, above all of which rises like a pp>tecUng spirit the vene- 
rable cathedral of Notre Dame des Dona, The early date to 
which this building has been ascribed by some authors (among 
whom I believe is Mr Fergussou), cannot I think be foundeS 
on Any good ground; the portal ^owi the appliance of materiak 
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Crotu some Ute Bom&ii work to Om pveaent purpose, and is no 
iodicatioa of peculiar antiquity in a district where Roman re- 
vaina are oommou, and their re^dJustmeDt in new work pretty 
frequent; as to the body of the building, ita masonry, arrange- 
ment, detail and construction resemble bo closeiy other works in 
France acknowledged to be of the eleventh and twelfth century, 
that we are justified id classing it amongst theto, and my own 
iinpreaaion is that no part of it can be ascribed to an earlier 
period. Near the nJtar is pi'eservetl the curious and interesting 
marble chair used by the Popes. The back is mitre shaped, and 
the sid^a are cai-ved in low relief with the winged Uon and 
the wingeil bulL The first Pope who reigned at Avignon was 
Clement V*, in 1305, and the chair would appear to belong 
to thia period. A more ancient but lesa attractive relic of 
•ocleaiastical art ta to be found in the altar-table, supported by 
five cohimna — ^four angle and one central. It is one of the few 
examples of thia claas of early altar that bos came down to the 
present dav almost uninjured. There are other interesting sub- 
jects in this picture^ue building; but the place ia so dark aa to 
sender it almost impossible, unless perhaps on a bright summer 
day, to get satisfactory drawings. 

Aviguoxi is an excellent point from whence to make several 
most interesting excursions, and amongst them I would particu- 
larly recommend a visit to Villeneuve les Avignon, for its very 
perfect citadel and noble entrance gateway, and the rich and 
beautifully carved nionument to Inuoceut VI., in the chapel of 
tlie Hospitid» cunsinting of three most delicately carved pinnacles 
of open work, over an altar tomb, on which is the recumbent 
effigy of the pope, with his feet restiiig on a lion: it dates 
about 1 360. 

Proceediug down the Rhone, the next interesting Romanesque 
work is the small chapel on the heights above Beaucaire, be- 
longing to its ruined castle; it oonaista of a plain barrel-vaulted 
half, entered by a round-headed portal unoer a aqimre tower, 
with lean-to sides. The openings to admit light are very small, 
round-heade J, and plain beaded. The maaonry, of the usual good 
Romanesque character, consiaU of smallish square blocks neatly 
worked, the corbels and arch bands forming the principal orna- 
mental feature. The interior ifl now completely gutted, and serves 
as the abode of the concierge. 

At Taraacon, on the opposite bank, we meet with the firet 
indication of a complete change of style in the south porch of 
the Cathedral, rich m mouldings and ornament — tlog- tooth, 
flower, ovolo, and nail-head, with ample columns, and a once 
richly-carved friese (now quite destroyed), above which runs a 
blank arcade and sculptured string-course, exhibiting unmis- 
takably the influence of the Arlesian style. The date generally 
ascribed to it, that of the close of the twelfth century, is probably 
a correct one, I may here remark, that perhaps nowhere is the 
influence of local styles more clearly defined than in the south, of 
France, At Avignon and Nismes we have a close approxi- 
mation to late Roman work, with pedimeuts, columns, and 
friezes; the mass being plain. At Aries, St. Gilles, and Taras- 
oon, deeply-peoessed and many moulded portals, richly sculp- 
tured; and at St. Trophtme, Montmajour, atid St. Hemy, cloisters 
of a distinct type. At Narbonne, Carcassonne, and Toulouse, the 
single broad -spanned interior and long lancet windows of a 
later date are quite peculiar; and the Romanesque buildings of 
Toulouse, with their higb and many-staged brick towers and 
angle-headed openings, are of a markeJ local character. 

But let us return to Aries. The inteiiora of the churches 
here are very simple, and of the usual Latin cross plan. At St. 
Trophime the piers are plain and sc|uare, the caps flat and 
roughly worked, the archivolta plain and semicircular; between 
them are corbels supporting piers with angle colonettes, from 
which spring the plain flat l^nds of the barrel-roof. But it is to 
the sculpture that I wiah particularly to allude. The centre of 
the portal contains the Saviour and the emblems of the Four 
Evangelists, with the Twelve Apostles below, the archivolt 
being ornamented with rows of ministering angels. The great 
frieze representf?, to the right of the Saviour, the good led to 
heaven; and on his left, the wicked strung together with a 
rope and dragged by the devil to hell: beneath these are large 
statues of the Apostles (the Four Evangelists being on large lion 
pedestals), the statue of St. Trophime, the Martynlom of St. 
Srepbeu, and the Ascension of his aoul to Heaven. On the sides 
of the porch are, to the left, Adam and Eve at top; beneath 
tbem, an angel weighing the souls of men in scales; beneath 
that, the devil holding the condemned upside down, which seems 



to have been a favourite idea of punishment witk the sculptors 
here: under this again, along the pe<Iestal of the columns, is a 
large reclining nude figure, but with aa animaFs akin above bis 
back; he holds a lion on another side of the pedestal by the 
hind leg, — this subject, the man however being dressed, ocoara 
in the same position at St. Gilles, and clearly means Samson, 
On the other return of the porch are representetl goats, a ram, 
dog, &C., probably symbolic of wickednesa; beneath which stands 
a great fiend, holding his victims upside down and in other un- 
pleasant attitudes; he stands upon a dragon: and beneath the 
whole are the flames of helL 

Let us now enter the cloisters, the capitals of two sides of 
which are historiated, or carved with scriptural and legendary 
subjects and foliage. The angle panels of the piei's on entering 
are carved with the Havitiur's Ascension, angels at the tomb iu 
the centre, soldiers sleeping at the tomb beneath: on the return 
are, above, the three Maries; Judas receiving the price of blood 
beneath. At the next angle, to the left, are angels emerging 
from the clouds; the Transtiguration in the centre, the Disciples 
beneath; on the return, the MartyHom of St. Stephen, to whom 
the church was originally dedicated. At tlie next angle, the Kiss 
of Judas, the Last Supper in the centre, and the Saviour wash- 
ing the Disciples' feet beneath; on the return, the Temptation 
on the mount, and beiow, John baptising the Saviour. 

Such are the principal subjects portraye<l on this building; 
and they are so interesting in point of subject and style, the 
date also being probably posterior to the ye^r 1152, when the 
remains of St. Trophime were transferred here, that I woidd 
place by their side some notes from other sacied buLldiugs of the 
same period, and by the comparison we may arrive at some sug* 
gestive conclusions. 1 propose also to separate from this class of 
sculpture that represented by the corbels, which, when brought 
together and compared, will open, I think, another view of their 
particular meaning. 

We are now standing before the three very richly-sculptured 
portals of St. ^iiiles, about 15 miles south of Nismes, similar iu 
style to St. Trophime, but more profusely ornamented, the 
rouod'he^tded entrances being rich in column, moulding, and or- 
nament. In the centre is the Saviour, seated in an oval aureole, 
on a rainbow in the clouds (heaven), his hearl encircled with a 
glory of alternate star- point and flame. Round him are the 
usual emblems of the evangelists. The left semicircle contains 
the Adoration of the Magi; the right, the Crucifixion. Beneath 
there runs a great frieze contiining the Life of the Saviour; l>e- 
neath this is a band containing crouching aiiimrds — lions, bulls, 
and others, and human heads. On each side of the great entrance 
are two evangelists on lion pedestals, and four apostles to the 
right and left of them. On the extreme rig!it and left, carved on 
the wall, are two archangels, standing on and s|)eariug the dragon 
and the enemy of man respectively. The small subjects on the 
pedestals represent Samson, Cain and Abel, centaur and stag; 
an old lioness and her young, disturbed by a flgure now de- 
stroyed; David and Goliath; and David feetliug sheep; other 
smaller and less important snbjects are partly scriptnral and 
partly symbolic. 

At Moissac we have another very interesting sculptured 
portal, in the abbey church of St Peter and St. Paul, aJso a 
work of the twelfth century, the arches of which are brond 
Pointed. The entrance consists of a recessed porch, on the left 
side of which are represented, at top, a figui-e pointing to a 
scroll, meaning probably, **It is written;" next to him is Lazarus 
represented in grave-clothes, and of infantine size (as departed 
spirits are always shown), resting on Abraham^s lap; then comes 
Lazarus reclining (but of the same size now as the other figures), 
with dogs licking his wounds, and angels watching over him; 
then Dives feasting at table. Beneath these are large groups of 
devils punishing Avarice and Lust; the soul nf the miser is being 
carried off bv one demon, while his bag of money is taken from 
him by anotfier, he is on his deathl>etl, aud bis wife vainly weeps 
over his corpse, whilst grinning demons watch his dejith- throes; 
beneath are two large flgures of the devil seated on the miser's 
shoulders, grinning horribly, whilst by his side a naked woman 
has her breasts sacked by serpents, whilst from the mouth of the 
demon by her side springs a toad. Amongst the monstrous 
corbels of this kind may be remarked also a goitred cretin head, 
popular belief of that day having adjudged this unfortunate 
I>eople to be the deviFs own. Two of the caps on this side have 
amongst the foliage, demons with bellows tanning the fires of 
hell, torturing the coitdemned. There ia a certain grotesque hor- 
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ror about all tlieae figarea which may have eorved id early times 
to have impressed the beholder with fear aad awe. Thia is the 
itde of the wicked, aud on the opposite wall is repreaeutcd the 
Balvation of the good. First, at top, is the Flight iuto Egypt- 
Mary and Joseph approach the city gat^a, and the idols fall from 
the hi^di placea, ag narrated in the apocbryphai goapela; nejtt 
cornea a group, apparently the Return to Palestine; beneatli ia 
shown the Adoration of the Magi in two groupa; ami below 
these the Aiinuuciation, and the meeting of Mary and EUiOibetb. 
In the centre nf the arch ia the Saviour, in an aureole, with 
crown and nirubus; the winged animals of the Kevelation, sym- 
bolic of the four evangelists, seraphim, an^eU, and ten elders 
with lutes and vasej*, or, as it ia de**cribed iu Kevelation, ** Having 
every one of them harps and golden \iala full of odours, which 
are the prayers of the saiuta,*' these are all Bnrrounded by clouds, 
indicative of beaveu; the remaining fourteen crowned elders, 
with lutes and vasea, minister beneath to the Lord, forming a 
frieze or sculptured lintel; on the left of the doorway is St. 
Peter with the keys; and on the right, St Paul, probably, with 
f^ scroll inscribed, " Ecce virgo confci-et" ("Behold a virgin shall 
conceive" — the prophecy of Isaiah vil 14). The centnd piyr of 
alternate lions :'nd lionesses resting on each others liacka, and 
with a figure without t!ie nimbus at each return, holding one a 
book, the other a scroll, I do not protend to explain. The exter- 
nal mouldings and splays of the arches are carved with separate 
single pieces in relief of fruit, Igaf, fi>h (aorae of which have the 
heads of ducks and foxes), birds, and lastly (uejtt the door angle) 
aaimok, the whole forming together a sort of epitome of the 
or^tioii. 

Although out of our immediate province, I cannot pasa bv the 
richly-carved cloister of this abbey without remarking aUo a 
curious illustration of the book of EeveJation, found on two 
capitals: one h formed by the symbols of the evangelista, a cable 
necking, scroll aiii^les, and an abacu«» ctvrved with foliage, and 
eight lions with iheir tails intertwined; on the other cap an 
angel descends from a cloud (heaven)* and leads a dragon captive 
by a chain, with the inscription, **Serps anticus qui est lUabolus-" 
whilst, on the other side of the cap, after his thousand years* im- 
prisonment, ho issues ft>rth from the porch of his prison to meet 
two men, who appear to receive him with upraised hands ex- 
pressive of astonishment or fear; under the dragon is written 
'*Gk)litahj" under the men "Gog and Magog'' (see Kevelation xx.); 
the necklne is a plain turns, and the abacus ornnmented with 
scales and foliage. Thia is merely mentioned ai evincing a con- 
nected idea and appropriate ornament Tlie subject of scaJptnred 
capitals would carry ua into ii ^vide disquisition; my own im* 
presaion is that a complete inveJStigation would prove that certain 
subjects were chosen as a general rule, aud applied to different 
parts of the sacred edifice — dtx^rways, windows, ciipitjds, bases, 
aud corbels, each having certain classes of subjects adjudged to 
them, either by absolute rule or traditionivry custom. 

We will conclude this, 1 fear, dry catalogue of subjects on the 
Bomanesque fa9adea, wiLli a brief notice of St. Croix, at Bor- 
dentix, probably of an earlier dat*», i.«. of the eleventh century. 

The extradiiis of the centre arch is carved with angels; next 
come the elders cniwued, and worshipping with music and in- 
cense (harp aud vase) a central figure at the apex, intended for 
the Lord; the next broad band has the beglnnmg of the zodiac, 
but this was apparently a mistake of the workman, and was 
never carried out; .after this comes a row of kneeling figures 
pulling a mpe which binds together two seated figures at the 
apex, prolxilily the marriage of the Saviour and the Church. On 
the arch to the IcfL Avarice is represented in five groups, each 
consisting of the miser and the devil in various stages of down- 
ward f-ilU and on the right arch are five groups representing 
Lust, each of a woman — clothed, not naked as at Moissao — with 
an attendant demon and the usual toads and serpents. 

The tirst thing to bo remarked in this tmumeration of subjects 
is that iu the main they are entirely scriptural — illustrations, in 
fact, of the Old and New Testaments. The Virgin Mary never 
is found as a proniinent fij?ure, and legendaiT^ subjects are not 
nsnal. The great points are purely Chri8ti«n, such as the glori- 
jication of the Savinnr, Lord of heaven and Judge of this world, 
as described in Revelation; and the jjower of the apostles, 
amongst whom, naturally, the evangelists are especially honom^d. 
Besides this scriptural sculpture we have moral sculpture, read- 
iuff a lesson and holding out a warning to what the church con- 
sidered the two gieat vices, of avarice in man and lust ia woman; 
a very naif and curious illustration of what the priesthood natu- 



rally considered moat innate with each aex, although our own 
sex did not alwnya eacape reproof, as shown by the very coarse 
aud matter-of-fact illiistrations of lust to be seen in the churches 
of St. Paul at Narbonne, St. Sernin at Toulouse, and Sl^ Jean 
at Vtdence. We have also symbolic sculpture, such as the Binidl 
pedestals of columns at St. Gdles and at Aries, in which beany 
lions, centaurs, &c. play an important part. Without going to 
the extent of Durandus, Cahier, Lewis,* and that school, it is 
impossible to deny I think a meaning more or leas definite to 
these apparently fanciful subjects. 

Concerning the style of art shown iu these works, it is moet 
decidedly of a Byzantine type. In the earliest, such as the very 
curious marble reliefs round the choir of St Semin at Toidoima 
(probably of the ninth century), the folds of the dreaaea are few 
and raised in a crease: this method holds good at Moissac (three 
centuries later), although the heads of the figures naturally show 
a great advance in art. At Aries and at St. GiUes the folds are 
minute, peculiar, and of strongly marked Byzantine character, 
and this lb more evident on a statue in the Museum of Toulouse, 
preserved from a destroyed church there, and which, besides its 
value in point of execution and style, is interesting as being 
signed by the sculptor Oilibertus or (as he signs himself on 
another statue) Gilabertns. My inopreasion is that these works 
were chiefiy executed by French sculptors after a model or illua- 
tra.iion given to them^ which, if not actually Byzantiuej was 
formed on a Byzantiue sample. 

The figures ou the fa9ade of St. Croix at Bordeaux ai'e most 
curiously Assyrian in chanwter; the same remark holds good ta 
some portions, especially drapery, of the sculpture on the cathe- 
dral at Angouleme; and it is a question whetner Greek or other 
workmen wei^ not actually employed on some portions. Mr* 
Lewis (this time it is our excellent secretary that is meant) in 
his very interesting paper on Arab architecture, speaks of the 
impressment of all kinds of workmen by the Spanish Moors; and 
it is not unlikely retaliatious took place on the jjart of the Chris- 
tians, or that Greek workmen (then the most skilful of their 
time) were hei'e and thei^e employed expressly* 

The subject however which most took my attention in these 
Piomaneaque churches was the corbel, since its explanation was 
the most difficult, and I believe has been but little considered by 
archaeologists. Let ns compare some of them. First, on the 
fayade of the Beaucaire chapel we have a goat's head, a cock's 
head, a leaf, an eagle, a lamb, a leaf, a Jiou with a human h^d 
in its mouth, a monster (mutilated), and a demon's hea^l roaring, 
nailed to the corbel. Next, at the cloister of Montmajour, near 
Aries, a be^xr, a goat, a bull, monster human heads, a leaf, a 
lion^s head wnth a huuiau head iu its mouth, aud a lion^s head 
de%'ouring a small naked human figure. Then, in the cloisters 
of St. Trophime, a goat, a figure (man) in somersault, a bird 
much mutilate<l, but apparently a cock, a running figare, a don- 
key's head and neck, a lion with a human head in ItHi claws, 
a female figure in somei'sault, a lion, an angel, and a long-homed 
goat. And at St Gilles (facade) a small angel in foliage, a liuman 
head iu foliage, a ram, an eagle with a sheep in its claws, a 
liou*3 head, a bull, a rimning figure, and a leaf. The corbels 
on thO' facades of St Trophime are nearly the same as those in 
the cloister. Now I am not going to assert that nothing but these 
subJGCta are found on the corbtrls of the Ttomanesque chuixjhea; 
for, not to mention numerous others, at Moisaac alone may be 
remarked a man and womau ki-^ing, a figure holding iIk mouth 
ojTcn with its hands, a head with water appai-ently over one eye; 
one figui-e laughing, another scratching his head, a fox, monsters, 
grotesques, and foliage, which hardly can seriously be:ir inter- 
pretation — I meau scriptural interpre tuition. But it does seem 
most probable that these animals and figures, so ccmstfmtly re- 
peated, allude to the animals present at the birth of Christ; and 
that the peculiar bars sometimes seen on the corbels, a^ at St 
Sernin at Toulouse, and Notre Dame at Clermont, represent the 
manger. 

Indeed, most of the minor incidents connected with the birth 
and youth of the Saviour are seen; just as at a later ilate the 
accessories of the Crucifixion, the sponge, the nails, <&:c. were 
bt^ught into use. The domestic animals are those present at 
the birth ; the ass bore the Holy Child iuto Egypt (at Aries it is 
represented kneeling); the falling figures, male and female, are 
the gods and goddesses that fell at the Child's approach; the angel 
in foliage appeared to the wise men of the East; the running 

* Hot the Imo. aec la ibe Ri^jaI lattUnte ofBdUih Arotatedi. 
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figOM are tlie m uB&a gon fit»m Herod, the lions with fignrea or 
biedi in the months and the daws are Herod, as temponil 
power, destroying the infants; the monster heads are enraged 
oemoM idiose doom is now eome; and the nailed deviTs hMd, 
which ooeors at Beancair^ at Aries, and later still at Dijon, 
whers he has a ring in his month, typifies his &11 through the 
birth d the Hdy One. 

However this may be, a most interesting eoUeotion of scnlp- 
torsd corbds might be made, the result of which would be, I 
thmk, to show that the earliest examples bear directly or indi- 
rectly on the birth and youth of the Saviour; that other subjects 
were gradually introduced until they became as varied as at 
Moissne; and that when the Pointed style took shape and gave 
g re ater scope to the individual sculptor, new ones were introduced 
at wUL whilst the old traditionary subjects were still retained. 
Thus, in the Cathedral at Poitiers (dating early in the thii^ 
teenth century, a most noble monument of the Earlv Pointed 
styleX we find in about three hundred corbels of the mterior, a 
mass of purely secular subjects, sometimes cbnracterised by a 
power of caricature and broad fun which would be worthy of 
a modem pantomime. 

Haviuff jnst allied the lion's head with temporal power, I can- 
not refram from saying a few words on the lion, and his meaning 
in Bomanesque sculpture. We must rembember that the lion 
may symbolise several things, and that it is necessary to dis*- 
eriminate his meaning by his position and attitude. Taking 
St Qilles only, w| find him, on the band running beneath the 
Life of the Saviour, slinking and crouching with his head to the 
ground and his tail between his less; he is also in company with 
tigers, serpents, and dragons; whiut human heads with an in- 
tense expression of fear turn away from him: he is here the 
Evil One, roaming about like a lion, seeking whom he may de- 
vour, but crouching in subjection and fear beneath the feet of the 
Saviour and his Apostles. Now the lion, as we know, in a secular 
sense always signifies force or power; tiie Byzantine emperor on 
his throne with moving lions, is minutely described by historians. 
The medinval judge had his seat '* inter leonesf and the lion's 
head, head and daws, or entire body, occur universally on thrones, 
&C., as allied with power secular and ecclesiasUcaL We are 
^en, I think, justified in taking the lion with a human head or 
figure in his jaws or claws to typify the abuse of power. At 
St GKlles the four Evangelists stand on moulded brackets which 
rest on lions' backs; and although one is too much iniured to 
make out, yet we have still remaining three of these lions of 
the diurch. Two of them are tearing to pieces human figures 
—ft woman and a man— -which I take to represent a heathen 
god «nd goddess; the most perfect is a man naked to the waist 
and thence clad in a sort of antique trowser; there is no mistake 
here, the lion savagely dutches one arm with his mouth, and 
with his right paw, the claws well out, drags the naked fiesh in 
the man's side in strongly marked creases; the man's head is 
unfortunately broken olf, but beneath it, and proceeding may-be 
originally from his mouth, creeps away a araconite creature, 
symbolic of the Evil One escaping from his hold. Next to this 
a lion holds a lamb (or ram ratlier, for I believe it has horns), 
he however does not in this case destroy, but pi*otects, resting 
one paw with claws retracted on the sheep's back, and tlte other 
on his head; it is clearly an attitude of protection, and the head 
is pladd: here we have the Lion of the Church ready to defend 
the Christian (** Ye are my sheep") who rests evidently happv 
and at ease beneath his fostering care. The bases of the small 
columns of the left doorway rest on two lions couchant, who with 
reverted heads gnaw at the base; this is probably the power of 
the wicked, which the church keeps down, but which is for ever 
biting its bonds. Besides these interpretations we shall find the 
lion sometimes employed as a type of David (the Lion of Judah), 
and also not far removed from any figure of Samson or Daniel. 
I say not fiir removed, because the old sculptors were not very 
particular in keeping the lions of the heroes together, as may be 
seen at St Trophime and St. Qilles, in the case of Samson, and 
on the porch of St Porchaire, at Poiters, and in the cloisters at 
Moissac, where, if my memory does not deceive me, the lions are 
shown on one side and Daniel on the other. On the St Por- 
chaire portal, at least, Daniel is in an aureole, with angels over- 
head, on a capital to the riffht; and the lions on a capital to the 
left^ with the inscription, ^Daniel inter leones." 
{To be eondttded in our next,) 



BESTOBATION OF CHICHESTEB CATHEDRAL. 

An influential public meetings presided over by the Earl of 
Chichester, was held on the 21st ult in the Town-hall, Brixton, 
for the purpose of organising a movement for the restoration of 
Chichester Cathedral; when the Duke of Richmond read a report 
from Mr. Geo. Gilbert Scott, upon the present condition of the 
edifice, the extent and character of the repain it requires, and 
their probable cost 

The report stated ''That the tower and spire have ceased 
to exist, and in their &11 have carried with them the first 
bay or compartment of three out of the four arms of the cruci- 
form structure— namdy, one compartment of the nave, and one 
bf either transept Towards the east the two piera which sup- 
ported the tower still exist to a certain height, and the adjoining 
compartment of the choir has consequently been preserved as 
high as the base of the derestoiy, above which it has fallen. 
The eastern piera have also sustained in some degree the adjoin- 
ing portions of the eastern walk of the transepts, though these 
are much shaken, and their upper parts in a great degree de- 
stroyed to the extent of their first compartments. It is a 
remarkable and verv happy circumstance that, in a disaster so 
tremendous as the fall or a steeple of nearly 900 feet in height, 
the destruction of the adjoining parts of the building should 
have been so limited in its extent; and the more so, as the same 
infirmity of construction which has led to the disaster, pervades 
in a greater or less degree other portions of the edifice. It was 
however inevitable that a concussion so violent, and the sudden 
removal of the centre of the cross, on which all its arms in some 
degree trusted for steadiness, must have a very injurious efiect 
upon the buildinff. Aecordinely there are symptoms here and there 
throughout the building of the rude and sudden shock which 
it has sustained; and even where these are not visible, but where 
the fabric has been long suffering from injuries and defects of 
&r earlier date, thei-e is strong necessity of a thoi*ough substan- 
tial reparation, as it is dear that an ancient and defective struc- 
ture, though it may remain long without showing symptoms of 
danger while suffering from no special cause of disturbance, can 
by no means be view^ as being in the same position after the 
fall and rebuilding of its great central feature. Within less 
than a century after its original building it was most severely 
damaged by fire, and its present architecture mainly consists of 
the portions of the old structura which escaped, overlaid by the 
later work by which the injuries were then repaired. This 
ancient injury was no doubt one cause of the weakness which 
seems to penrade the older portions of the building; and even 
now the effects of the fire may be seen iu the triforium galleries, 
in the ragged, discoloured, and half-ruinous condition of the 
stonework. 

This state of dilapidation — ^increased as it had become by the 
lapse of time-^would have soon demanded general reparation 
had no acddent occurred to shake the building; but under cir- 
cumstances so extraordinary as those from which it is now suf- 
fering, its permanent safety imperatively demands that every 
structural defect should be made good. The roofs also, particu- 
larly that of the choir, and those of the aisles both of the choir 
and nave, demand very extensive reparation, as their present 
most defective condition exposes the walls and vaulting to con- 
tinued injury. The first thing however which demands atten- 
tion is the immediate security of the four arms of the cross. In 
their present exposed and unsupported state it is impossible to 
consider them as safe; indeed, any sudden gale, acting at once 
on the internal as well as on the external surfaces of the walls 
and roofs, might produce some serious increase of the damage 
already sustained. This danger bein^ now effectually provided 
against by substantially shonug up the different portions, any 
attempts to economise in this part of the work might lead to 
serious and costly fiulures. Till this has been effectually carried 
out, the heap of dibns, which now acts as an abutment to the 
great arcades o£ the church, ought not to be removed below its 
present level 

in rabuilding a tower which is to form the central abutment 
of four aroaded arms, which were never very firmly built, 
and which, through the effects of fii-e, of age, and of a shock 
such as that which they have now austained, are in a condition 
far from substantial, it is of the utmost importance to lay its 
foundation so firmly, and to construct its walls of materials so 
immovable, that if possible no settlement at all should take place 
during its erection; and, at the same time to render it so self- 
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sapported, that instead of tmsting for its own abutment to the 
arms of the building, it should afford to them the support which 
they require, without briuging any pressure upon them. To 
effect thia the work muat be done in a much more luasaive way, 
[ and with better materials than h neceflaary iu an ordinary work. 
I The foundations must be canied down, at whatever cost, to a 
lltx-atum of undoubted firmueaa. They must be spread unusually 
■•wide, and bo constructed of large and massive materials, laid in 
the hartlest cement. The piera and arches must be of solid and 
closely-jointed block stone, and that of great Jiardnesa and 
strength; and the whole carried out with an excess of sti'ength be- 
yond what, in an ordinai'v structure, would be deemed ne€ea8a^}^ 
No soft stone or rubble work should be admitted in any part of 
the work. This will naturally increase the coat, but it'ia neces- 
sary to its safety, and particularly to the permanence of the re- 
mainder of the building. The same remarks apply to the bays 
adjoining the tower, which will have to be rebuilt — including 
of course the first bay of the choir, which, though not wholly 
destroyed, must ot necessity be taken down* 

It is needless to particularise the defects in and the repairs 
required by the different parts of the building. The parts 
which are in the moat critical state appear to be the transepts. 
It is desirable to aav© every fi*acrment of the original structure 
which ia consistent with the security of the whole, as the renewal 
of any part detracts seriously from its interest j but there can be 
no doubt that these parts will demand the most careful treat- 
ment to render them permanently secure. In the estimate of the 
cost of restoration, every part has heeu supposed to be an exact 
transcript of what ia lost There may be cases where a wise 
discretion should be exercisetl in this respect, as it may not in all 
cases be reasonable to reprocluce iu exact detail a work whose 
design waa the result of alterations, repairs, and reconstructions, 
spreading over many centuries. In the repairs of exiating parts, 
strength and security rather than architectural i-estoration have 
been considered. 

The probable cost is as follows: — 

The rebuiMiiig of the tower and ipire , £25,000 

The rebuilding of the four adjoining bays 12,000 

The necesBary repains of other portions 7,000 

The cost of shoring up and of providing temporarily 

for the sendees 2,000 



£46,000 
\VTien to this is added the ooet of atipftrintextdence, and of 

other incidental expenses, it would be unsafe to reckon upon an 
outlay of less than i!5u,CM>a" 

After the reading ot the report the meeting was addressed by 
several speakers, and a unanimous determination was expressed 
to accomplish the object in view. Resolutions were passed, con- 
fiding the work to Mr. G. G. Scott, appointing a general and 
various local committees, and constituting the Duke of Richmond, 
Mr. H. HoUiat, and the Rev, John Gumey trustees of the fund. 



BSTIEWS. 

On the Condition of the Niagara Railway Suspmfion Bridge. 
By John A. Rokbltwo, CE.— Trenton, N, J. 1860. 

The doubts which have been recently entertained respecting 
the strength and stability of the new suspension bridge over the 
Niagara FallSi are too well known to require explanation as to 
their causea and removal. We are also acquainted with the 
opinion entertained by Mr. Barlow respecting this question, 
which is the result of direct observations made by him during a 
i-^ceiit visit to the United States. The bridge, as all are aware, 
was opened in the early part of the year 1855 for railway traffic. 

In order to arrive at a definite knowledge whether there really 
existed any foundation for the doubts in question, the directors 
of the Niagara Falls International Bridge Uompanies called upon 
Mr. Roebliug to institute a series of eiperimental observationa 
on this bridge, which was originally constructed by him. The 
result of these examinations is embraced in a report which forms 
the contents of the pamphlet under notice. Mr, Roebling tells 
us that, after a careful examination of all the parts of the bridge, 
he is not prefjared to report any material changes in the con- 
dition of the structure which could influence its stubility and 
dunibility. It will not bo uninteresting, perhaps, to note here 
the results produced by a series of experiments which were 



undertaken with the object to test the stiffness of the structare. 
Five trains were made to traverse the bridge sncoeasively, in 
such a manner that the deflections produced by the passing load 
could be ascertained with accuracy. The first, a tram weighing 
35 tons, and conaiating of an engine drawing a tender and ten 
empty cars, caused a deflection in the centre of 0'4^2 feet. The 
second train, consisting of a smaller engine, two loaded passenger 
carriages, a luggage van, and a van with cattle, deflected the 
bridge 0'S40 feet in the centre; and the third, a light engine with 
five loaded passenger caniages and a baggage van, 520 feet* 
In the fourth instance, a single engine w^th tender crossed the 
bridge, and produce<i 0'315 feet deflection. In the fifth, the same 
engine returned with eight loaded cars, each containing seventeen 
to eighteen cattle of the largest size, and deflected the bridge 
0789 feet in the centre. 

It will be observed that a short and heavy train, as in the laat 
instancej produced the greatest deflection comparatively^— a de* 
flectiou which is, however, not materially different from those 
produced by the experiments in 185o. As the proportion of the 
actual strain on the cables to their ultimate strength is as I to 
5*30, it will be seen that there is a liberal allowance to insure 
their durability. Mr. Roebling, after pointing out that no mate* 
rial advantages could be gained by running the trains over the 
bridge at high spee^ls, owing to the fact that a stition is situated 
at each extremity of the bridge, comes to the conclusion that a 
greater speed than five miles per hour for passenger trains 
should not be permitted. Notwithstanding this, should circum- 
stances necessitate a higher speed in general, a further expendi- 
ture of 20,CXM) dollars would be snflficient to render the stability 
and atifhiess of the bridge such as to atimit of goods trains 
passing over it at the highest practicable speed without the 
slightest injury to the structure. 

The woodwork, Uie author say a, if properly attended to will last 
for forty years or more. Adducing some instances to prove that 
this can and will bo the case, Mr. Roebling recui*s to the dura- 
bility of the cables, and makes thia question the subject of dts- 
cussion of the physical properties of wrought-iron in general. 
It has been oonteoded that a bar subject to vibration or tension 
is liable to molecular change, or so-called gran illation or crystal- 
lisation, — this fact, however, has in no case been satisfactorily 
established. On the contrary, Mr. Roebling maintains that iron 
or any other metal can never undergo the process of crystallisation 
when in a cold state. Indeed, to produce this change the pre- 
sence of heat is necesaary. He further refers tu those pro- 
perties of iron wliich are of the first importance in its various 
appliances. In all instances where the material is exposed to 
great tension, as well as to torsion and vibration, it should be 
composed of iron which not only posseasee ^nmt cohesion, but 
harctuess and elasticity. As a proof of this opinion he has 
recorded several facts which have come within his own experi- 
ence. They refer chiefly to various old bridges in the United 
States, the ironwork of which, after having been exposed to the 
influences of weather and changes iu temperature for many years^ 
has proved to be equal to the beat iron manufactured at the 
present day. 

In considering the strength and stability of the Niagara 
Bridge, it must be borne in mind that this structure is not sub- 
ject to vibration, and further, that the working strain of the 
cables does not exceed uue-fifth of their ultimate strength. That 
there is therefore sufficient ground to convince us of their dura- 
bility, M>. Roebling estimates it at not leas than several hundiiid 
years. 



Railway Communication in Ijondon^ and the Tltamei Embajikment. 
By C. B. Lane, C.E. — London: J. Ridgway, Piccadilly. 

Without committing ourselves to an entire approval and re- 
commendation of the plana suggested by the author for the 
relief of our fellow-dtijsens from the conataut dead-locks and 
obstructions which occur in the metropolis, and the consequent 
injurious retardation of the commerce and intercourse of this 
vast city, we must say that thia pamphlet demands ixu attentive 
pern sal, and that its suggestions have a more practical tendency 
than those contained in most of the pamphlets of a similar 
character which have come before us. 

The author draws attention to the fact that, as the terminal 
stations of the existing railways are at present situate, they 
muat necessarily tend more to increase the evils of street ob- 
struction than to lessen them. For example, the distance of the 
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greater part of the present termiual siAtions of tbe railways from 
tbo evaiituiil deatination of the passe ngeni and goods thereby 
^onrwyed oecesffttates the employment of additional vehicles, as 
cabs and railway-rana, in the passage from the station to the 
desired locality. This latter conveyance consumes not un fre- 
quently more time than is occupied by the train itself on its 
mn to town. The principle consiclere^l by the author is that all 
those stations which are at present terminal should become through 
stations^ which be looks upon as the only effectual means 
of relieving the streets of London from tbe immense traffic 
This will be realised to a certain extent by the Metropolitan 
Bailway, which will bring, so to speak^ the Great Western, the 
London and North Western, and the Great Northern Railways, 
into the heart of the city. It will bo further promoted by the 
connection of the above line with the Eastern Conuties Railway 
by the branch through Finabury^ a^ well as by the extension of 
the London, Chatham, and Dover line to Lndgate-hill. How- 
ever, our author stilt conceives this insafficient, and proposes a 
high-level railway from tbe Blackwall line, near tbe Mmories, 
which, leaving it, would curve to the south, cross over Thames- 
Btreet and the north end of London -bridge to the river side, 
and run along the proposetl Thames enibankmeut to West- 
minster. From Westminster station the line would turn to the 
west, run thn>ugh Pimlico, alongside the Crystal Palace Railway, 
and finally join the Kensington Railway near its southernmost 
extremity, thus connecting stations aouth of the Thames with 
those north — a short branch line near Temple Gardens connect- 
ing the proposed line with the Metropolitan Railway. The 
author maintfLioa that a Ai^A ievel railway alone will answer the 
required purpose; and oonclndea his pamphlet by pointing out 
that such line, if executed as sugg^ted, would supply the 
deficiencies still existing in the Metropolitan line as proposed by 
Mr. Fowler. 



7%« Strains on StrttctHru qf Ironwork; with Practical Remarki 

on Iron Construrtion. By F. W. Sheilds, M.IusLC.E, — 

London: Weale. 1861. 

The present may justly be called an age of iron* Tf we want a 
■hip large enough to carry the population of a parish half round 
the world and back again, or strong enough to laugh at the 
broadsides of a hostile squadron, iron only will Berve our turn. 
If we would throw a bri<lge across a river two miles broad, to 
carry the stream of traffic between two great territoriea, tliere is 
nothing for it but iron. If the demand is for a house that can 
be pibcked up and sent to the antijxjdes, or for a tmnsp*irent 
pilaoe in which treasures of art and industry from every corner 
of the world cnn be adequately displayed, still the material must 
be iron. Subservient to almost every purpose, this useful metal 
pots new facilities of construction within our grasp-, it also 
imposes new conditions, and infnses into both design and detail 
a character altogether of its own. Well understood, and fairly 
bandied, no material can be more thoroughly depended upon. 
But the very largeness of the tnist reposeci makes it a matter of 
▼ital concern, not only that the metal and the workmanship 
ahould be of peifeet quality, but that the engineer or architect 
should bring to the study of his design a complete scientific and 
practical knowledge of the subject. 

Those who have been long conversant with iron structures, and 
have a large personal experience to draw upon, may be little in 
need of consulting books. But there are many who, withont 
much previous practice in this especial department of construc- 
tion, have on occasion to try their hand at it, and feel the need 
of a clear and trustworthy handbook. To the pupil again, while 
nothing can supply the place of observation of actual work in 
every stage of progress, a sound and lucid theory is invaluable] 
obeervation becomes the keener and the more intelligent, and 
memory the more faithful and methodical, just in proportion aa 
the principles of construction become familiar to the mind, 

But perhaps it would not be easy to point out a book which 
famishes exactly what is wanted on this subject. Elementary 
works are sometimes, perhaps, somewhat too elementary, and 
scientific works are often too exclusively scientific. The very 
polnti on which the young professional man may e8mM3ittlly seek 
light may be fd together left untouched; sometimes CKHjause it is 
tfocen for granted that the reader understands tliera, and soine- 
timea because tbe writer di^s not set forth in suOicient detail all 
Hke afsumpttons on which his reasonings are based. 

Mr, Sheilds tells us in his preface that when he was appointed 



in 18^2 to assist the principal officers of the Crystal Palace 
Com pan V, at Sydenham, in calculating the stren^h and desir- 
ing the aetails of the company's worlw, he found great difficulty 
in acquiring a complete knowledge of the strains on the several 
parts of iron framings; " as the works of previous authors, though 
displaying great talent and research, have left much undeter- 
mined or obscure which U necessary to the designer of such 
structures.*' Mr. Sheilds was therefore thrown much on his 
own resources in mastering this difficulty. He, however, ac- 
knowledges the assistance derived from an able friend (the late 
Mr. C', H, Wild); from the perusal of Mr, Clark's well-known 
work on the Britannia Bridge; of Mr. R. H. Bow*s treatise on 
Bracing; and of a paper on Diagonal Braces by Messrs. Doyne 
and Blood, read at the Institution of Ovil Engineers. It may 
be reraarke<t that Mr. Bow's work on Bracing was written to 
meet the same want that our author expresses himself to have 
felt, in regard to the special study of iron stmctures; and de- 
serves just credit as the efiEbrt of an unaasiated mind to elucidate 
a diflfioult subject. 

The result of knowledge gleaned from these and other sources, 
digested by independent thought, and matured by the practical 
experience of several years, is presented in the treatise before uaj 
and we think we may congratulate Mr. Sheilds on having made 
a very acceptable addition to a class of books of which the lack 
is more and more felt every day. 

The first section treats of the strains in framed girders of 
uniform depth, braced in the triangular or " Warren^' fashion. 
Our author regards the transmission of the load to the piers on 
the usiml principle, which has the recommendation that it is of 
old prescription, gives true residts, and, although not the aim-' 
plest possible, may be easily understood with a little study. The 
principle Is shortly this: every part of the load is to be con- 
sidered as deriving its support from both piers; the proportionate 
support derived from eiich pier being inversely i\s their distances 
from the loaded point Thus, if a girder of ICK) feet snan had 
five p«>int8 loaded with 10 tons each, at the distances of 10, 20, 
30, 40, and 50 feet respectively from one pier, the portions trans- 
mitted to the piers of each of these loads would be as follow: — 
The load at 10 feet distance would derive 9 tons of support from 
the nearer pier, and 1 ton from the further pier.' The load at 20 
feet would tranatnit 8 tons to the nearer pier, and 2 tons to the 
further pier. The next l»3aJ would be divided into 7 tons for the 
nearer pier, and 3 tons for the further pier. The next, at 40 feet 
distance, into 6 tons and 4 tons; and the last load, being in the 
middle, would depend on each pier for the support of half its 
weight, or 5 tons. 

In calculating the strains on this principle it beoomea neoee- 
sary, when a load covers several points of a girder, to take the 
weight on each point in detail, to divide it as just explained, and 
work out the strains it throws on each part of the girder; having 
gone through this process for each portion of the load in sucoe^ 
siou, and found tbe separate sti-alus, it only remains to add these 
partial strains, and their sums will be the actual strains which 
the whole load brings upon the girder. In this way of looking 
at the question, the currents (if we may so apeak) of pressure 
transmitting the several portions of load from each point to 
either pier, through the action of the braces, are constantly 
crossing each other. Thus, many of the braces will undergo at 
once strains of oornpression and strains of tension; and it is 
necessary to find which of these opposite kinda of strain pre- 
ponderates, and by what amount, in order to detemiine whether 
a brace is acting as a strut or a tie, and how much work it is 
really doing. When some or all of the load is movable, regard 
must be had to the greatest strain of ci-impression or tension to 
which any part of the framework is liable under a possible dia- 
pf»aition of the load, and adequate provision made to meet it. 

The whole methml is very lucidly and thoroughly set forth in 
the treatise under review, with one or two plain and useful rulee 
for shortfiuing labour hy generalising some of the details of the 
process. 

In the following sections (paragraphs 18 — 31) the atraina cm 
cantilevers are dealt with, very briefly. The reasoning ia cor- 
rect, but there appears to us to be a alight inaccnmcy m detail 
in tlie following pnaaage (par, 20). The cantilever is supposed to 
be loaded at its extremity o — 

*'Tho stnhins mi the end bay next tbe weight at ^ are eqtial to ^ 
greatcit strain m found abow, divided by the number of hays; and the 
Bimiiui on tho other bays oamon^ifliuff frooi e are retpeokiv^ ^^^^^ 

thrice, four times, &c,, the itrain on the cad b»y next c, increasing in 
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tcguhr proportioo from etoa. Upon the shorter fltfLge db, howerer, 
the E^nan tm ^ end bfty e, » fooiid Abova, murt be multiplied by 14, 
2|» 84* ^» to give the ttraliu on its bAye in HuooeBabu, commencing 
bvm the eiid d 

It appears on examining the action whicli really takes place 
(see Tigi, 1 and 2) that it is the end bay of the *A(W<er 'flange which 
has the horizontal stniiii 1 thrown on it, since a pair of braoes 
Fto. 1. 



4* 



meet in the point <i. While the end bay of the lon^ fJang^e 
midergoes a strain only equal to ^^ resulting from the action of 

Fis. 2. 
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[the single brace, which terminates in c. Thus, in the above 
k figures, the number of bays being 5, the common factor is 

l---=p ; and the proportional numbers for the longer flange ac 

are |, 1 ji 2|, 3^^ and 4| (the compression of the last strut a 
beintf discharged on the pier.) The proportional numbers for 
the Siorter flange M are 1, 2, 3, 4, and 5. 

Again, in par. 21 a similar correction seems needed. When 
the cantilever is loaded at each point fnjm c to a^ the effects on 
the bays of the longer flnnge ac should be given as |, 2, 4^, 8, 

; &c; instead of 1, 3, 6, 10, &c.; and the effects on the bays of 

' the shorter flange bd as I, 3, 6, 10, &g., instead of U, 4, 7i, 

' 12, &0. 

* These, however, are points of detail merely: the general priu- 
ciple is in the main clearly and correctly laid down. 

The important subject of ContinuooH Girders is then touched 
upon. Here Mr. Sheikls simply gives the reader some of the 
more important results of continuity without attempting to show 
how these results are proved. In this he has done wsely, since 
the process of proof involves mure abstract mathem*'itical reason- 
ing than could suitably be introduced in so eleineotary as well 
as practical a work. Those who wish to dive to the bottom of 
the subject may accomplish their wish by reading the investiga- 
tion in the work on the Britannia Bridge. 

We think^ however, that tacit assumptions should he avoided 
as far as possible, since the learner is very apt to be misled by 
them. We therefore coulu have wished that ail the suppositions 
upon which the definite results are based had been given, and 
none left to be inferred. These sappoeitions are: 1st, that all 
the spans are equal; 2ndly, that the load on every span is 
©qnalty distributed over it; 3rdly, that (unless where otherwise 
expressly mentioned)| all the spans are loaded alike; 4thly, that 
M the girders are equally ri^id; lastly, that every girder is of 
uniform depth and rigidity throughout. It is important that 
this last condition (uniform rigidity) should not be lust »ight of. 
An unequal distnbation of metal in the flanges of a continuous 
girder (such as is sometimes made for the sake of economy), 
alters the position of the point of contrary tlexurei — and recourse 
must again be had to mathematics to finj it 

It would also have been very useful to say a word or two as to 
the proportionate strain which occurs ov^er the pier, as compared 
with the amount of strain on the centre of a girder not con- 
tinuous. When there are only two spans, the girder sustains 
over the pier a strain equal in amount (although opposite in 
kind) to tnat which the girder of either span would sustain at 
its centre, if disconnected. In this case, therefore, the maximum 
■tnun is in no way reduced by making the girders contiuous, 



but only transferred to a different point It seems very neoea- 
sary to keep this fact distinctly in view. Bail way girder bridges 
of two spans even now exist in which the continuous construc- 
tion of the girders has been held to justify an exceptionally 
flight section. 

We concur in all that our author says as to continuous girders 
of two and of three sjjans. But in par. 24, while correctly stating 
what happens in the case of three spans, he makes the same 
statement applv to cases of more numerous spans. In this we 
cannot agree, "if we remember rightly, clear rules are given for 
various numbers of spaus in the work on the Britannia Bridge. 
A broad general deduction from the case of three spans is harmy 
admiaatble. 

After a sound and useful investigation of Parallel Girders 
with Vertical Struts^ we come to a discuaaion of the more diffi- 
cult subject of Bow and String Bridges. The strains are dealt 
with geometriciilly, and with as much simplicity as the principle 
of the subdivision of weights, already a*iverted tc, aamits of. 
The question of the Bow and String Bridge with tnangular 
bracing is very satisfactorily handled. In par. 37 is a little slip, 
which it would be as well to correct;^** and firom / draw also 

by scale a vertical^ = W x -^ ; W being the weight on one 

loaded point, N the total number of bays, and n the number of 
bays which e is distant from pier 2." We should i^ead '* from 
pier 1," since the weight which fg measures is that which is 
transmitted to the pier 2^ and is proportional to the distance of e 
from the other pier. 

The treatment of the Bow and String Bridge with both ver- 
tical and diagonal bracing, a more complicated problem than 
the last, is not on the whole quite so dear and satisfactory. 
Indeed there are points which might be revised with advantage. 
If Mr. Sheilda will look over par. 40 and Fig. 24, he will find 
that in computing the tension of the braoe tc he has taken the 
weight transmitted through the vertical strut ft*, but omitted the 
weight at the point #, a portion of which is taken by the braoe 
in question. . 

On plate girders and other descriptions of Girders there are 
some sound practical remarks, which would well admit of ampli- 
fication. In particular, some general directions would be useful 
as to the thickness of web of plate girdei^. An admirable paper 
by Mr. Heppel on the strains of the plate web was read before 
the Institution of Civil Engineers a year or two ago, and is 
printed in the Transactions. In speaking of the proportion of 
length to depth of girders, Mr. Sheilds has, however, faJlen into 
All error on the subject of rigidity. The rigidity of a rect- 
angular bar of a given breadth increases as the cttbe of the depth. 
The rigidity of a rectangular bar of a given area^ or of a girder 
of a given itection tif fian^t^ increases as the square of the depth. 
The rigidity of a girder of a given ultimate drength increases 
simply as the depth. We theref(>re cannot endorse the following 
statement. 

*' It ii important, howevfir, to Btate that the rigidity of the structare 
is proportioaate to thesqujire of the depth; oousequt^DUy, though the ulti- 
mate itrangth remains the same, the deflection increMcs very rapidly as 
the depth is diminished. Thui;, in two girders of equal apati and londing, 
and of the roapective depths of oue-tentb and one-fifteenth of the ipan, 
both constructed of proportionate strength to reiiat the strains u{Xin 
them^ and l»ih looid^ to the pcjint of fractare, there would be equal 
wei(^rht8 required t^i break them down^ but the deflection of the one 
would lie fully double the deflection of the other." 

This is quite a misapnreheDsion. The rigidity of the supposed 
girders would be simply as their depths; and their deflections 
under any given load, and (consequently) their defiections under 
the breaking load would be inversely as their depths; that is Uy 
say, as ten to fifteen. The ultimate deflections of girders of a 
given span, whether equally strong or not, are always inversely 
as their depths. 

The author concludes with an explanation of the mode of com- 
puting stniiuB in iron roof trusses, and gives what is very useful^ 
namely, some diagrams of trusses, with the proportionate strains 
work^ out in such a manner as to be readily applied to cases 
of any span. 

We have been the more careful in commenting on various 
points that seemed to call for criticism, because we regard the 
treatine on the whole as a valuable one, both in intent and exe* 
cution; taking the place of a handbook on a subject on which 
one hoa been muoh needed, and capable of being made the 



Apr, 1. mi] 



THE OITIL ENGINEER AND ARCHITECr.S JOURNAL. 



121 



Bticleiis of a really valu&ble work. We hope Mr. Sbeilds may 
JIAT6 an early opportunity, in preparing for a freah edition ^ of 
both reviaing ana amplifying. A word or two on tho propor- 
tionate Bectional area of metal for given strains in difft^rent 
members of framing would be useful Some details as to modes 
of forming the various junctions might be given: it would also 
be acceptable to many to be offered some hints on testing 
girders, on the questions of deflection and ^^set/^ on the maxi- 
mum load to provide for in flooriixgi and oa many other practical 
points as to which the reader might have the bene^Lt of the 
author's experience. 

The little work is got up in very creditable style. 



NatM on Senw Fropukian; it* Rhe and Progress, By W. M. 

WjiLKEiu — ^New York: D* van Nostrand; London: Triibner and 

Co- 1861. 

The remarks contained in this book, on the history and effi- 
ciency of the screw propeller, were originally published by the 
author in the * Atlantic Monthly/ an American nautical journal, 
and have been lately re-issued, In consequence of their favourable 
reception, in a separate form under the above title. These notes, 
although bearing reference to screw propulsion in general, are 
more especially intended to apply to steam-ships of war. 

Our readers are familiar with the early liistory of steam navi- 
gation — from the first introduction of jjaddles as the. agent of 
propulsion, to the latest improvements of the screw propeller. 
As the first examples of more modern 8leam-shi|)s, the author 
refers to the ^linneaota class of frigates. These ships, although 
presenting few features that are abeolirtely new, are very far 
from being imitations of existing examples. The principal 
novelty, perhaps, which distinguishes these ships from others is 
the arrangement of their armament, a feature which has attracted 
the atteotion of the naval powers of Europe, The novelty we 
refer to is the great reduction in the number of guns, compen- 
sated for by employing guns of a greater calibre, with more space 
for working them advantageously; iu add 1 tin o, the number of 
gun decks is reduced from thiiee and two to one, thereby dimi- 
nlshing the danger of lodging shells in Binnll and limited spaces. 
Hitherto it has been the cuatotn, especially in France and Eng- 
land, to measure the power of ships by the number of gun decks. 
The author thinks that for these reasons other nations will be 
dower in adopting the laat-name<i principle than in introducing 
the larger calibre of the American ordnance. 

In the construction of an efficient steamer of war, one of the 
first objects aimed at is to place the engines entirely under the 
Wttter-line» In order to attam this end, the Admiralty enlisted 
the talent of the beat constructors of this country, in consequence 
of which no less than fourteen distinct varieties of engines have 
been produced by various designers. Of those screw engines 
complying with such requirements, Penn^s horizontal trunk 
engines appear to have met with the most favourable ad<^ption, 
these having been placed in no less than forty different ships of 
war in the British navy. The power of these engines varies 
from 200 to 800 hoi-ses. 

Another condition of a screw ship of war is a " fine run " of its 
after body, the necessity of which has been fully confirmed by the 
experiments undertaken with the Rifleman, the Sharpshooter, 
and other vessels, which underwent a gradual alteration in the 
afterdines, the speed being 24 per cent in favour of the finer 
run. The author next urges the necessity that all war steamers 
should be furniahed with the ** trunk," or " well," into which the 
propeller can be raised when required by circumstances. This 
arrangement obviates the ** dragging*^ of the propeller through 
the water, which would otherwise be a great impediment to the 
speed of the ship when under sail. It is true that the strength 
of the stern is somewhat impaired by the introduction of the 
"trunk," but the advanta^ derived from its use more than out- 
weigh this objection, as will be seen by the fact that nearly all 
the screw ships in the British navy are supplied with a contri* 
Vance for raiding the screw. 

With respect to the most efficient speed for war steamers, the 
author mmntains that great flf>eed3 ofiTer on the whole leas advan- 
tages than Aioderate speeds, inasmuch as the powerful engines 
required for elfecting a high speed monopolise so great a space 
and displacement as to render it impossible to carry sufficient 
fuel . for their proper development. This, he says, is proved by 
the £ict that a ship running 1200 miles at the rate of ten knots 
p^ hour, may ma 1800 miles with rather less oonsumptioii of 



fuel, but at the slower rate of eight knots per hour. Where 
men-of-war are intended for a short and intermittent servioe, it 
may be of advantage to furnish them with as powerful engines 
as possible; but for distant service, an economical consumption 
of fuel should be of greater consideration than high speed* 

In conclusion, the author refera to some improvements which 
have been lately etfected, relating chiefly to the working parts 
of the engines and boilers, such i\» the subatitutiun of wooden 
for metaUic bearings, the improvement of the draught of the 
furnaces by the introduction of fan blowers, &c. ; and, finally, 
throws out some suggestions concerning a contemplated redue- 
tion of *' spare spars, spare sails, and spare gear," in order to 
gain more space for engines, fuel, as well as provisions. He 
further suggests that — having ascertained the best proportions 
for the bull and spars, the form of propeller, and plan of engines 
of a certain power — vessels, with their machinery, be constructed 
in accordance with these proportions, in order that when a 
number of vessels are stationed together, the spare gear of one 
may be available for another ship. This suggestion, however 
valuable it may appear at the first glance, is, we fear, inconsistent 
with the character of a perfect man-of-war, which should con- 
tain in itself all that is required for its maintenance and indo* 
pendence. 



SIMPLE METHOD OF FINDING THE CENTRE OF 
GRAVITY OF THE GIEDER. 

TO TSl 8J»TT0B Of TRl CITtb ufatirxiz>. AXP iJicn rTlCT^« jovnwxL. 

Sir, — The following simple algebraical method of fioding the 
centre of gravity of the girder, for which a rather complicated 
ai'ithmetical formula is given at page 63 of your last number, 
may not be uninteresting to some of your readers. 

The girder is 64 feet in length; one-half is loaded at tho rate of 
half a ton per foot, the other at 2 tons per foot Let us take 
each half of the ginler separately; the weights or loads per unit 
of length may be t^ndidered as a system of parallel vertic^ pres- 
sureH, the resultant of which gives the position of the centre of 
gravity for each half of the girder. As each half of the girder is 
uniformly loaded, their centres of gravity will evidently be in the 
middle, that is 16 feet from each abutment 

To find the centre of gravity of the whole girder, we proceed 
as follows: — In the figure below let AB=the whole girder= 
64 feet; C== its centre; a, 6, =: positions of the centres of gravity 
of each half respectively. Now making CB the end which bears 
tlie heaviest load, the centre of gravity of the whole girder will 
manifestly, from the nature of the case, be somewhere between 
€ and k Let it be at G. 



.w 0". 



.If 0". 



A CI 6 d i B 

Let G6 = X, aG = 32'— 4r; then unoe weight at 6 == 4 times 
weight at a, we have 

aG:G6::4:l; 
or aubstituting the values for aO and G6, 

32*—^ : J7 : : 4 : 1; or 32':=6jr and Jf=6'*4 
From above, 6B=16*, so GB— le'-j-GM^ 22'-4 and 

AG = 64'— 22''4 = 4r*6, the result obtained at page 63. 

I am, &c. 

25th March, 1861. T. CargiLL. 

[Mr, Cargill is quite correct, and the simple rule he gives 
would undoubtedly be followed in finding the centre of gravity 
of the particular load referred to. The more comprehensive rule 
given in page 63 of this Journal for last month is, however, the 
only one applicable to every case of loading. The case being 
given for the sake of illustrating a universal rule, a special soUi- 
tioa would have fallen short of the scope of the writer.— Ed,] 



Monumeni to Sir John Franklin.— The legislature of Tasmanta 
have voted ;£lOOO for the erection of a monument to the memory 
of Sir John Franklin, in connection with the improvements now 
being carried out on the fine site in Hobart Town on which 
stood the viceregal residence at the time the Arctic cavfg&tor 
was Lieu tenant- Go venior of the colony* 
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NOTES OF THE MOUTH. 

TAc' ^ione of the lfonH9 9/ Farliammt'^The committee ap- 
pomteil by the govemTiietit to Inqoire into the Causes and remedy 
\>f tbe deciy in the stone iisetl in tli© Bilace' of Wegtmiuster 
tol^t on the 23rd nit Thtere were preset ^\r R Murchlson, 
Messrs. Tite, M.P., Sydney Sinirke, G. O. Rcott, (>. Go<lwin, 
•C. R Smith, G. R. Bnrnen'; Profs. Frankknd, Hofmann, F. A, 
Abel, and AnstAd; and ]Mr D. Wyntt. The committee nppointed 
Mr. Tite diairrafin; and Mr. A B. Carter ia tire secretary of 
the committee. The committee adjourned to the 8ih of April at 
12 o'clock, when they propose to make a Ihorongli examiQatloii 
W the buildinjr itself, 

]^arfir(Pt Panorama qf Mes^na. — Xhe atWitlona so frequently 
Cljade to this exhibition have rendered Mr. Borford's famous old 
jp^iiorama odo of Uiose standard aijjhts of London which visitors 
^r'e never tired of seeiug, and it is aeeplj to be regretted that the 
,op^ recently completed is dcatiued to bo the lost of the long 
series produced wholly nnder the superiatendence, and for the 
mgjt part by the skilful h*aDd, of that artist, who has just died 
at au advanced age. The view of Messina, to which we allude, 
is 'therefore invested witb peculiar interest, independent of the 
politicJil occurrences whicli are now transpiring there, and which 
render it perhaps the special point of European geography on 
which attention is now ri vetted- It is not long since we noticed 
Xh$ h^rjfd and fine picture of Botoe then added to the attractions 
of tills establishment; and this second Italian city is in every way 
worthy to rank by the side of that celebrated capital. Indeed, a 
more beautifal and picturesque scene it would be difficult to 
inmgine. There is the long line of white honsea glistening on 
the«eA shore, the hills behind clad with verdure almost to tneir 
fliimmtts. There is, too, the vast and magnificent harbour, wiih 
the fitraitB of Faro beyond, and in the distance are seen the 
mountains of Calabria. A prominent object in the foreground 
is the large and stately citadel, with the various palace-like 
buildings on the Marina. The luxuriance of the oHve groves 
and omnge trees increases greatly the richness of the scene, 
to which the deep blue expanse of the Mediterranean affords a 
delij^htful contract, withal totally devoid of meretricious or ovei*- 
fltrained etfecU It has every appearance of truthful reality. 

EMhithrh 0/ French and FltmUk Pictures. — The eighth exhi- 
bition of works by artists of the French and Flemish schools, 
collected by Mr. Gambart, is now open at the Gallery, 12{}, Pall 
Mall. It cc*n?iste of 137 pictures, aud includes three works by 
Miss Boaa Bonheur, and one by Meissonier, entitled "In Con- 
fidence." 

New Foreign Office, — ^The department of the Foreign Office is 
now removed to their temporary offices in Spring-gardens, And 
arrangements are pressed forward for pulling down the old 
buildings and erecting on the site and on the vacant groutid 
adjoining, a new Foreign Office and a new Indian Office. Mr. 
Cow per, the Chief Commissioner, has also brought in a bill for 
purchasing houses in Duke-street, and for pulling down and re- 
ouildibg the State Paper Office. It is stated that the project for 
these buildings is to be entirely aUere+i from what it was in- 
tended last year. By the plans then submitted to parliament, 
the Foreign Office occupied the whole of the site towards the 
park, and the Indian Oiioe the other portion towards Parlia- 
ment-street; but it appears now to be proposed to give the Indian 
Office half the site towards the park, and to re-arrange all the 
rest. The plans were submitted to Lord Palmei-ston and Sir 
Charles Wood, by the architect, Mr. G. G. Scott, on the 20th ult 
They are Italian in design, to harmonise with the adjoining 
buildings. The alterations at present eoutemplat'ed are very ex- 
tensive, including a new opening to the park, the widening of 
Downing-street, and the rebuilding of the Colonial Office and the 
offloes of the Chancellor of the Exchequer, which at present dcNM 
up the enfl of Downing-street. 

Notre Dame. — ^Tbe work of restoring the exterior of Notre 
Dame has been resumed, and tbe rose window over the southern 
entrance to the building is being repaired. The whole of the south 
portion of the building is to be restoretl according to the original 
oeAlgiL This part of tbe church was originally oommenoed, as 
an inscription ^n the wall tells ns, on the second day after the 
Ides of February, 1257, under the superintendence of Jean de 
Chelles, architect, during the reign of St. LouiS| at which time 
Henaud de Corbeil was Archbishop of Paris. 



Preservimg Iron Pipet from RuH, — A workman of Paris has 
discovemi a means of preserving water and gaa pipes from mat, 
by oovering them with a thick coating of clay* 

Drinking Fountains. — On former occasions we have expressed 
our great regret that, with reference to their architectural design 
generally, the drinking fountains erected in varions parts of Lon- 
d(m are really a disgmce to our thoroughfares. A similar ^-^pinion 
has recently been given by an eminent authority, Prof Donald- 
son, and by several writers in the public prcaa/ It is therefore 
with much pleasure that we find some of our sculptors and 
architecta are taking up the subiect of fountains in a proper 
spirit Among these are Mr. John Thomas, Mr, Darbyshire, 
and Mr. Tolmie. Mr. Tolmie has nearly completed a fountain 
to be fixed in Water-lane, Edmonton. The work rests on a Port- 
land stone ba*9ement of rock-work, and rises to the height of 
9 feet by a width of 4 fL in. It is semicircular headed, and a 
band of 1 foot in width incloses a deep i^cess, in which a dolphin 
in a vertical position, head downwards, is carved with great 
vigour. The dolphin spouts the water into a beautiful statuary 
marble shell, 3<J inches in diameter. The -water then falls to a 
lower level, where suitable troughs are placed for cattle. The 
surrounding band and circular hejid to which we have referred 
are embellished with cornucopiis at top, bulrushes and other 
a<piatic plants, and with various shells in bold relief, admirably 
grouped, and copied from nature with great fidelity. 

The Superintending Architect, Metropolian Board of WotHb, — 
On the 1.0th ult, Mr. VulHamy was elected by the Board to fill 
this office, and he took his seat. 

Lighting Steamers ttith Gas, — ^Tlie Birkenhead Commissionere 
are trying the experiment of lighting the cabins of their river 
steamers with gaa, a supply of which will be carried on board 
each steamer daily. 

Railway Bridge otw the Rhine. — Tlie great railway bridge over 
the Khine at Kehl being nearly completed, experiments to test 
its strength were made on it a few days since. First the two 
turning parts of the bridge were mancpuvred, and were found 
to work admirably. That of the French aide, which weiglis not 
less than 350 tons, was moved with the greatest facility by eight 
men, then by four, and then only by two. Afterwards a train, 
Cfmsisting of five locomotives and their tenders, the locomotives 
alone weighing 175 tons, and the whole forming a weight of 
nearly 3A tons per metre, passed over the line, and then re- 
mained siationary on the first part of the bridge on the French 
side: next, a locomotive and 15 waggons filled with stone, weigh- 
ing about 1| ton per metre, was driven over, and was subse- 
quently stationed for a time in the middle of the bridge; on the 
third place, the two tniins passed over side by side, and were 
made to stand on different fixed partfe of the structure; next, 
two other trains, each consisting of five locomotives, were also 
dri\^en over the bridge side by side, and were made to remain 
together some time on the turning bridges and on other portions of 
the structure. The weight of these two trains was 350 tonSy or 
nearly 7 tons per metre of the line covered. Lastly these trains 
wore driven at full speed in contrary directions, passing each 
other on the bridge. Throughout the whole of these experi- 
mental trials the deflections of tbe bridge did not average more 
than from 8 to 10 millimetres, or between a third and two-fifths 
of an inch; the greatest detiection was equal to four-fifths of an 
inch, and in this case the part thus depressed rose again to its 
former level within a quarter of an inch. The results prove that 
the work has been weU executed. 
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THE ABCHITECTURAL EXHIBITION, 

NoTWiTHSTAKDTNO unfiivourablo weather, a numerous assem- 
lAaaOy including many of the leading memliers of the profession, 
ana not a few ladies, were attracted to the Conduit-street 
Oalleries on the evening of the Srd of April, that being the 
occasion of the annual conversazione^ previously to opening the 
Architectural Exhibition to the public on the following day. 
As usual, a portion of the evening was devoted to business pro- 
ceedings, in reference to the doings of the past year and to the 
prospects of the present, with a orief statement (we can hardly 
say report) from the lips of the honorary treasurer, Mr. Ashpitel, 
who said, he might without vanity on the part of himself and 
colleagues, congratulate the meeting on the exhibitiou they saw 
around them, and on the position they now held in the eyes of 
the public. It was not many years ago, they must remember, 
when all their interests were very much scattered, when they 
had no general point of congregating, when there was nothing 
which could be fairly said to represent in this large city ar- 
chitectural interests — interests of such very great import- 
ance. He thought they might now congratulate themselves 
on being an Architectural Exhibition, recognised and very 
kindly patronised by the public. He thought their exhibition 
this vear would be very satisfactory to all, and in his opinion, 
they had been going on from year to year increasing, and going 
on in importance and excellence. It was not for him to speak 
critically of the drawings on the walls, but he hoped they would 
all feel that the character of the exhibition had been increased 
in every way. Whatever their opinions might be as to styles 
and matters of that description, he thought tney would see that 
architectural works were carried out with more thought and 
power than at any other time; there was less of an uncertain, 
flashy attempt to attract notice, and more of thought, in the 
architectural drawings presented before them that night He 
wished to call attention to the exhibition of manufactures, which 
displayed an advance in skill and taste. About ten or eleven 
years ago, when the Architectural Exhibition was established, it 
would not have been possible to have drawn together a collec- 
tion of manufactures of such exquisite skill and workmanship 
combined with taste and excellence. That showed that the 
labours of the committee of the Architectural Exhibition had 
been successful. In the catalogue of new materials there were 
several very interesting things exhibited, one of which was a 
very curious adaptation of what they commonly called concrete: 
there was a patent by which it would be made useful in ordi- 
nary matters at an extremely cheap rate. There were also 
imitations of marble on quite a new principle, which would 
enable them to add colour to decoration, and of a good and per- 
manent character. There was another new feature in the exhi- 
bition, an improvement in the manufacture of embroidery; they 
all knew how important that was in buildings as a decoration, 
and the length of time and labour it cost to produce. It ap- 
peal^ that at Cologne a method had been invented by which 
embroidery could be simpli6ed to a great degree, and vet pro- 
duce a veiy great effect; tnrough the kindness of Lady Milared 
Hope there were some very fine specimens of that embroidery 
in the exhibition. He regretted that some few of their leading 
men — and it was a very few — had not contributed to the ex- 
hibition. There was no doubt it was a difficult thing for a man 
in the enjoyment of a large practice systematically to get up 
show-drawings on any occasion; but i^ some of their friendis 
had gathered together some scraps and put them on a screen, it 
would have been to the exhibition a very great advantage. When 
a man did a thing heartily, it was enough; and he was sure 
they would all have regarded the will as the deed. 

The chairman, Mr. James Bell, in the few observations he 
made to the company, remarked that he advocated the more 
general adoption of season tickets. The object of the exhibition 
was not to collect shillings at the door, but to spread and popu- 
larise a taste for architecture; and the more season tickets tnat 
were sold, the greater was the probability of that object being 
achieved. They wished to spread such a taste in architecture 
amongst the public generally that any architect who put up a 
bad building should not to do so again. He thought they bad 
to thank the Boyal Academy, for it had been the cause of the 
foundation of the exhibition. By confining architecture to a 
small room it had compelled architects to open an exhibition for 
themaelyet; and now^ instead of haying architectural drawings 



killed by some flashy pictnre, they had arddtectnral drawings 
properly arranged together. 

Our ideas of the exhibition generally will be better gathered 
from the perusal of our comments upon the prindpal worics, than 
from any condensed expressions ucNon a subject admitting of 00 
much variety to be considered, and in which there are so many 
interests involved. Suffice it to say therefore that the coup (fau 

Presented on the walls is much of the usual character, the eye 
eing unarrested by any strikingly important picture; and that 
the ^'practical department'* is as well filled as heretofore, and 
apparently with an advanced character of work. The models on 
tne table, with the font and lectern in the centres of the rooms, and 
a very excellent piece of modem furniture in the end gallery, are 
features which present considerable novelty, and which will be ex- 
amined with interest. It will be observed moreover that the num- 
ber of provincial contributions is much increased, owing probably 
to an alteration in the regulations of the management, while the 
comparative dearth of competitions during the past twelvemonth 
has led to a very apparent diminution in productions of this 
class. Still the walls are well covered, presenting a more or less 
interesting series of 400 works. 

The catalogue starts with ** Design for the proposed rebuilding 
of a Grammar School" (1), one of Uie contributions of Mr. G. K 
Street) which are, as might be expected, among the most attrac- 
tive in the exhibition. Originality they are sure to display, and 
for the most part they are consonant with the true feelings of 
art The next picture (2) is also of schools, now erecting at 
Moulsham, near Chelmsford, by Mr. F. Chancellor, and to which 
it affords a striking contrast. The powerful simplicity of the 
one greatly eclipses the barren plainness of the otner, albeit we 
could point out many others in tne rooms which are inferior even 
to this. 

Associated with No. 3, which shows a ''Bridge at Evesham, 
erected by Mr. J. Samuel, C.E.," we are glad to find the name of 
an architect, Mr. Robins. Too often m matters of this kind 
taste is wholly disregarded, and, for want of a few refined 
touches, which a well-educated architect can readily suggest, 
what might be a really ornamental as well as skilfully con- 
structed work is left to present a cheerless, uninviting aspect. 
In the case before us not much has been aimed at, yet all is 
satisfactory. The bridge consists of three arches, segmental in 
form, and rusticated, ami the whole is surmounted by a well-pro- 
portioned balustrade. In the same gallery is a lai^e drawing of 
another bridge — "One of the cast-iron bridges erected in the 
public parks of New York," by Mr. Calvert wkux (106). It is in 
a single span of 87 feet, the form being a very flat ellipse, and 
the roadway slightly raised in the centre. It is more noticeable 
for its boldness of conception than for refinement in its propor- 
tions or working out. 

The "Sketches of the Class of Design of the Architectural Asso- 
ciation" (4) are selected from the fortnightly productions of that 
useful class. The sketches before us scarcely equal in interest 
or quality some that we can recollect from the same source in 
former years, but the names of many who were then included in 
the "class" have now acquired an honourable distinction as 
individual exhibitors, and can date a large portion of their 
success to the instructive and inspiriting influence of the Asso- 
ciation. Of the chosen sketches this year we single out for 
commendation those by Mr. W. T. Sams as, on the whole, the 
best) more especially his "Town Hall." Mr. C. H. Lewes' 
"Draper's shop front" is also commendable; but in the "Font" 
and "Bay window," by Mr. S. C. Sogers, ornamentation is allowed 
to roam m wild exuberance. 

A bird's-eye view of the "Godolphin School," by Mr. A. W. 
Blomfield, forms the subject of (5), and would appear to be a 
well digested design, which is further exemplified by two photo- 
graphs (335, 343), hung, strangely enough, in another room. 
But in our opinion, this gentleman's school— or "Mission House" 
as it is termed — in Bedfordbury (108), is greatly superior. The 
plan, two sections, and perspective view which are given, testify 
to the ability of the designer, both as to skill in planning and 
proportioning a not very manageable building. 

Mr. J. Clayton's excellent drawing (7) reads to memory the 
much- to-be-deplored fact, that the fine old Town-hall of Hereford 
no longer exists, lliis building when perfect was one of the 
most remarkable specimens of timber archit^ture to be met with: 
it originally had three stories, the upper one finished with the 
yery singular continental features of tourelles, or angle windows. 

29 
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A nftohitkm showing tli« building ooaplete, made oa the antbo* 
rity of old enffraviDss, ia f^ven io the exhibitor's work, publiebed 
in 1847, entiaed ' The Aooient Timber fiditioee of Engiand.' Ito 
site will now be oooupied bj a dock tower, for which some of the 
drawing sent in competition are in the collection we are now 
•zaminmg, and to which we shall in due coarse allot a few 
remarks. Meanwhile we may renew our proteet against the 
Vandalism which has just been perpetrated in the demolition of 
the time-honoured structure, which was almost the only, as it 
yna certainly the most curious, half-timbered building which the 
city could of late boast Mr. Clayton's rejected proposal, here 
exhibited, was to thoroughly repair instead of remove the build- 
ing, and introduce a town-clock, which is much needed, in a con- 
venient position, and as an additional feature. 
. Mr. Appleton's " Design for Devon and Com wall Bank, Exeter" 
(8), presents an ingenious alternative of a Clasuc or Qothic eleva- 
tion, but beyond this ingenuity of adaptation there is little to 
commend; while, as a principle, it is one that should be depre- 
cated. The " Chalet erecting in Lexden Park, near Colchester," 
by Mr. C. F. Hay ward (9), is, as its title profeases, based on the 
model of the Swiss half-timbereil houses. It i^^ould seem to be 
well contrived and arranged, the plan and section being exhibited 
in connection with the elevation. We should pass over the next 
drawing (10), "St. James's Schools, Marylebone," by Messrs. 
WiUson and Nicholls, as pc^nting nothing for remark, but for 
the hope that within the very unpreteuding shell which is here 
seen ma^ be concealed something with more decidedly architec- 
tural claims, such as its authors are wont to produce. 

A view of part of the interior of Lichfield Cathedral, by Mr. 
J. Drayton Wyatt> forms the subject of (11^. It shows the part 
behind the altar-table, consisting of the La((y-chapel, aud a por- 
tion of the choir, being the space proposed to be fitted up for the 
reading of a daily " Morning service," in conformity with the 
provisions of the cathedral statutes. (A view of this part of the 
cathedra] was given in this Journal for January last.) This end 
of the cathedral is peculiarly rich in architectural effect, which is 
in some measure due to the loftiness of its apsidal termination, 
and owes much to the beautiful ancient sUuned glass with which 
the windows are filled. Two drawings of important public build- 
ings come next under notice : the first (12), "The new Assembly 
Booms and Music Hall, Newport, Monmouthshire, now erecting 
from the designs and under the superintendence of Mr. W. G. 
Habershon;" and the second (13), by Messrs. J. W. and W. 
Papworth, shows the "Entrance front to the Public Waiting 
Hall, Town Council Chamber, and Borough Magistrates' Court: 
part of the design for the Cambridge new Guildhall and Assem- 
bly Booms, which obtained the second premium." Both of these 
are in the Classic style, the former decidedly Boman, and pre- 
senting a Corinthian order on a rusticated basement, the plan 
being an unbroken oblong; and the latter in a less prononce Ionic 
school, and oifering various novelties of design, not so much 
happy, we think, as original. In (15) we are glad to record a 
very successful Gothic drinking fountain, by Mr. F. Bogers, indeed 
one of tlie best that has come under our observation for some 
timf, thoujj^h it partially resembles, if we recollect aright, a foun- 
tain already exhibited by Mr. Burges. Its forms are agreeably 
blended, yet producing sufficient play of outliue ; it is, moreover, 
free from those incongruous fiiucies which so often mar the pro- 
priety of these useful modern contrivances. Some other good 
drawings of this class, by Mr. Appleton, will be found in (43). 
A large and showy "Bird's-eye view of the 'Great Malvern 
Estate Company's Laud,' as laid out in 1860 by Mr. Joseph 
Clarke" (16), occupies a prominent place in this room, but has 
little intrinsically to demand attention. We prefer examining 
the adjoining quiet drawing by Mr. I'Annon of the " Church of 
Notre Dame at Dgon " (19), which is well deserving of study, 
and here clearly illustrated by plan, section, sketches, and 
details. 

Mr. J. Drayton Wyatt's second picture is a view (from the 
■outh-west) of St Lawrence's Church, Ludlow " (21), taken since 
its recent restoration, and showing, among other improvements, 
the three elaborate windows which now enrich the west end of 
this noble church. We are glad to see the increased study which 
is given to the facades of street architecture, and shall have occa- 
sion to refer to several drawings of such which are scattered on 
the exhibition walls; the first on our list however (24), showing 
a "House in Great Tower-street, City," by Mr. Parris, is not a 
good specimen. There is a difficulty, of course, in the treatment of 
the two or more upper stories of a building, when circumstances 



necessitate an open-looking shop below, but there is no reason 
for adding to the awkwardness by designing rusticated quoins 
where in reality it would be absurd to place them; nor can we 
pnuse the scanty balustrade which surmounts the whole. Miv 
W. G. Habershon's "New Bank-buildings, and Lord Tredegar^s 
Estate Offices, Newport, Monmouthshire" (26), though not open 
to such objections, is^ very meagre design, quite unofficial in its 
aspect, and eclipsed in jioint of taste bpr the little picturesque 
Italian lodge which Mr. J. C. West exhibits in (27). The interior 
of St. Mark's, Venice, by the same gentleman (28), is not very 
satisfactory; but it b a difficult subject to handle. 

Messrs. Walton and Bobsou are again in full force, with some 
of their sensibly-applied principles, especially in domestic work. 
Several houses in Folkestone, some of which are shown in (29), 
are illustrative of this, for, though plain, they are good-looking. 
Another drawing of similar merit by the same architects, is (92) 
a comfietition design for the North Biding Infirmary, at Middles- 
borough. Of the three competition drawings submitted by Mr* 
J. K. Colling for the Liverpool Cemetery, we prefer (31), that f<ir 
the consecrated chapel, though perhaps it is a little too ambi- 
tious, aud broken m outline. The materials pro})08ed to be 
used were the red sandstone of the district, with dressings of 
Stourton stone. Mr. Baphael Brandon, who, like Mr. Colling, is 
well practised in Gothic, sends, in (33), a view of the steeple of 
his new church in Windmill-street, London, as it will appear 
over the houses in Tichbome-street It appears to have been 
the author's aim, in determining its design, to give it an indi- 
vidual character, which shall isolate it from others in its imme- 
diate neighbourhood, as unmistakeably as does that of Margaret- 
street in another quarter. The type is evidently continental, but 
without being directly imitated, so far as we are aware, from any 
one example, and it promises to be a successful novelty. Mr. 
Pearson's new "Schools at Vauxhall" (34), also display conside- 
rable originality, the ideas being well worked out 

By Mr. Brodrick's prize design for the Leeds Mechanics* 
Institution (36) we are reminded of the circumstances of the late 
competition. There is a grandeur of effect about the mass of 
the elevations, which sufiers by the tameness of the details. 
By far the best feature is the principal entrance, which is suffi- 
ciently important in magnitude, and beautifully detailed. The 
most faulty conceptions are the puny domes, a feature which few 
modem architectn, excepting the late Mr. Wilkius in his Univer- 
sity College, have rendered even passably tolerable, aud he, as 
we know, was not always as fortunate. We are sorry we cannot 
speak so favoui-ably of (45) Mr. Brodrick's "Design for the Com 
Exchange, Leeds," or of his two competition drawings (102, 109) 
for the new church at Scarborough. Of the two drawings for- 
warded by Mr. T. Harris (39, 392) we know not which is the 
worst They are professedly " Victorian** in style, we imagine, 
(according to the author's ideas,) but any thing so utterly 
jumbling we do not remember ever to have seen before. There 
is variety enousrh tmly, and unceasing novelty, but it is of the 
Yery worst kind, devoid of taste, and evincing an utter ignorance 
of the principles of architectural composition. 

The monotony of building and landscape pictnres is here and 
there relieved by other branches of art, and pmminently so by 
the glowing cartoons of stained glass, in which the names of 
Messrs. Heaton and Butler figure as the chief exhibitors, they 
having no less than eight contributions, while Messrs. O'Connor, 
Lavers and Barraud, Clayton and Bell, may also be mentioned 
in the same list In this department we recognise a gradual 
advancement in the right direction, though much remains to be 
accomplished, yet the several artists in this material appear to 
be striving to the utmost to bring it to perfection. In carving 
and sculpture, too, considered as accessories to architecture, 
there has been for some time a satisfactory progression, as the 
numerous photographs around, taken from executed works by 
Boulton, £arp, rhyffers. Swales, and others, will clearly show. 
We Uiay especially point to the "Beredos for Howsham new 
church'' (46), as a specimen of the purest taste and delicacy of 
finish, though much of this is attributable to the architect's own 
ability and superintending skill. We beg to refer our readers 
to the interior view of this beautiful church, given as one of our 
illustrations this month. 

The Hon. Sec. to the Bxhibition, Mr. Edmeston, sends several 
drawings and photographs, chiefly illustrative of domestic build- 
ings executed or in prepress under his direction, and they have 
a claim to notice as showing what may be achieved by a judi- 
oioua adaptation of simple forms in ordinary materials. Thfe 
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photo^aph of tiie ^Pbroh to a houae at Norwood" (42) is, if 
we mistaKe not, the same design as appeared as a drawing in 
last yeai^s exhibition. Near these are two small photographs, 
Rowing (dO) a new ** Charch at Whitwell, Yorkshire," and the 
^Palpit" in the restored chnrch of Stone, Kent (61), both by 
Mr. G. K Street Some beantiful photographs also of '< Minley 
Manor-honse, near Farnboroogh" (59), recently erected by Mr. 
dntton, will not fail to aUract notice. The etfect of the build- 
ing is well explained by views from several points, assisted 
by a ground plan, and will elicit approval from the careful 
study which it is evident has been given throughout, even to 
the minuties of detail, thougli the advisableuess of reproducing 
•o close an embodiment of the French chftteau, with its inordi- 
nately high-pitched roofii, is open to question. While enuiue- 
rating photographs, we may point to that of an exterior of Mr. 
Street's chnrch at Howsham (61), which appeared as our litho- 
graphed illustration in the March number of this Journal; also 
to a small collection of executed works by Mr. G. R. Clarke (62), 
ftnd a highly interesting series by Mr. (3. Gray (KU), under the 
title of a "Professional Ceiiaua— 1851 to 1861,'' consiHtitig partly 
cf executed works and partly of designs, many of which have 
previously found a place on the exhibition walls in the shape of 
iBTjp tinted drawings. 

The name of Mr. Owen Jones is a guarantee for the excellence 
of whatever emanates from him, especially where colour is con->> 
oemed. Thus his ''Designs for lUunnnatious to the 'Paradise 
and Peri'" (67. 68, 79, 80), and for the "binding" of the same 
book (69), will be examined with advantage. The fanciful play 
of forms is indeed no less skilful than is the selection of the 
tints, which serve so materially to heighten the brilliancy of the 
whole. We shall have occasion, when noticing the Inventions, 
to refer to "Marmolite," a drawing showing the application of 
which may be seen in (71). The latge block of building described 
AS the '* West MidUind Hotel, now being erected at Gi-eat Malvern 
for the Great Malvern Hotel Company, ftom the designs of Mr. 
-£. W. Elmslie'' (73), presents but few claims to considemtion in 
respect to its details, which seem to l>e anything but suitable in a 
iHiildlng of such pretensions. The elliptioil heads of the windows 
and other openings are in England unusual, and they strike us 
•a being anything but satisfactory, while their constant repeti- 
tion gives an air of tediou-^ness, which could have been easily 
obviated by occasional variety in the details. Mr. W. .J Gi^eu's 
''Competition designs for the Houses of Parliament, at Ottsiwa, 
Canaila'' (74), is exhibited rather late in the day, siuce on long 
bygone occasions the suoc^ful designs and those of other com- 
petitors were submitted to critical examination. In tlie esse 
oefore us the author has adopted the Italian style, with which 
lie is thoroughly conversant. An important feature is the octo- 
style Corinthian portico, the pediment being enriched with 
Bcul|>ture. Taken as a whole, however, the prof)ortinns are not 
well balanced, and some of the minor parts would admit, in exe- 
cntiou, of being reconsidered with advantage. There is conside- 
rable boldness in Mr. Tarring's "Oongregation.'il church about 
to be erected at Bayswater" (75), though we cannot altogether 
sanction the two cupolas which flank the entrance, except on the 
principle of uniformity. As regiirds design they have great 
merit • 

In (83) we have another result of the "Leeds Institution" 
competition, being the three elevations sent in by Mr. De Ville. 
They are purely Italian, and cleverly designed. The " Middle 
School and Ijodge, about to be erected at I^and^ worth" (84), by 
Mr. Bidlake, is of more than avenige excellence: it is of red 
brick, banded, and into its details an well as its nuutses there is 
infused no little picturesqneness of treatment. The ^'Ivondon 
street front," now nearly completed, by Mr. Ashpitel (88), we 
believe may be seen somewhere in the neighbourhood of Cripple- 
gate. 

. Two designs must now be alluded to which have been called 
forth by the proposal to cover the area of the Bnyal Exchange 
with a glass roof, as recently advertised, and which we pi*esuiue 
will shortly be carried into etfect, though the question is not 
definitely settled wliether the covering shall sjtriug at the upper 
or the lower level of the quadrangle. Architect ui-ally considered 
there can be no hesiuitiou whatever that the former is the only 
scheme which ought to be seriously entertaineil, and practically, 
too, we foresee coufiiderable ditficnJtiea should the alternative be 
decided on, as seems to be the prevailing wish among those in 
authority, but whom we cannot designate men of taste. The 
architect to the bnildiug^ whose opinion should have its dne 



weight, has with others of his profusion strongly protested 
against this latter idea; while vanons scientlfl -■ men have clearly 
shown that the objections raised in certain quarters to the former 
pi*oposition may be readily disposed of It may be hoped there- 
fore that good sense and deference to public feeling may ulti- 
mately prevail over narrow-minded and selfish prejudices; and 
that if the area is to be covered at all, it will Id© altogether 
above and independent of the existing architectural features. 
Mr. Stapelton, in his design (93) suggests a light arched form to 
span the whole, and to have two domes in its length, to break 
the flatness nud monotony of the ei*own. It is, moreover, so 
adjusted as to flt to either the upper or lower stage of the build- 
ing, without any pretension wh.itever to architectural additions. 
In this respect it ditfers fi*om the proposal of Mr. De Ville (97), 
which is to have a low-pitched roof of glass, with trusses and 
tie-beams at thp ordinary intervals, but the whole of the con- 
struction to be cased; and the plain suriuces (which by this 
method would be considerable) to be colonized, as also the coffered 
soflits along the margin. This design, which is very artistiodly 
rendered, reminds one of some of the modem Bavarian struc- 
tures, and is applicjible to the upper level only. Mr. E. W. 
Godwin's ** Design for Long Ash ton School" (98) is good in out- 
line, and has various recommendatory features; the walls are 
specified to be built of native stone and Bath stone, the roof 
covered with plain tiles. In the "Second selected design for the 
Faversham Almshouses" (99), Messrs. Newman and Billing ex- 
hibit a rather ambitious schenie, which, without being decidedly 
faulty, or even common place in design, has not much to recom- 
mend it when closely scrutinised. The arcaded lean-to which 
extends for the most part along the front is particularly un- 
sightly in form, and starved in its construction. We notice 
several ugly skylights in its roof, which might surely have 
been better managed. Two excellent photographs of a Roman 
Catholic chapel and mortuary cross in Keusal-green Cemetery 
(100), by Messrs. Wilison and Nicholl, are deserving of atten- 
tion. The chapel was illustrated in our Journal for September 
1859: the cross is designed in the best taste, and judiciously 
enriched by ciirving. Mr. Pritchett, in his "Interior of High 
Wych Church, Herts" (104), shows a very plain church, plainly 
treated. The arcade between the nave and aisles has, we ob- 
serve, one square soffit only thmugh the whole thickness of the 
wall, and without a label. The exterior is shown in (119). 

The "London-bridge Railways Terminus Hotel, now being 
erected" (110) by Mr. Currey, is one of the happiest efforts in 
point of design which the gallery contains. It is Italian in style, 
and abounds in studied and Wcll-proportioned details. Conside- 
rable ta.ste is also displayed in (111) "Design as first proposed — 
Coffee room erecte<i in Chancery-lane, for Mr. Button," by Mr. 
F. H. Fowler, but much would depend upon the coloured deco- 
rations being carried out in their integrity, as here shown, other- 
wise all would sink into comparative insignificance. Mr. G«»ldie 
in, as usual, a lil>er:il exhibitor, sending eight drawings. In the 
first we come to (115), "East and west views of new church of St. 
Bridget, Ballymote, Sligo, Ireland," the author would ap|)ear to 
have borrowed an idea or two from other modern works; but 
we s))eak under correction The remainder of his di-awings will 
1x3 noticed in due course. In the ** Design for Congregational 
Church at Lower Clapton** (116), Mr. Barber has ably i^mbated 
the difficulty of so managing a omtinuous line of building as to 
secure vanety without Siicrificing harmony. We welcome* with 
]ileasure the artistic yet thoroughly ai*chitectural drawings con- 
tributed in (122), by the well-known Mr. J. H. Parker. They 
illustrate the "Eglise St. Pierre, Touques, and other buildings in 
Normandy.** Another of the Clapton Chapel designs, by Messrs. 
Lander and Bedells, occurs in (123), ana is noticeable mainly 
for its succession of gabled windows to the aisles, a fancy which 
seems now all the rage among certain architects. In the 
two "Staircases at Amesbury Abbey, Wilts,** shown bv Mr. J. J. 
Cole in (124), we have open corridors, architecturally treated, 
round a quadrangular area — an effective as well as convenient 
ari-angenient, where space will allow of its adoption. 

Mr. E. W. Godwin has so frequently shown his power of 
thinking and designing for himself, that we can the less excuse 
so unmistakeable a copy of the Oxford Museum as he has been 
guilty of in his competition drawings for the Clifton College 
(125), to which, nevertheless, were awarded the second premium. 
Their leading outlines are marvellously alike, both in plan and 
perspective, only that a packsaddle roof is substituted on the 
central tower for the hipped form of its prototype, and that the 
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vingB are difierentlj manaced. (129), A bouse now erecting at 
Shere-heath, Snrrey, by Mr. T. C. Clarke, is tolerably good- 
looking, especially in the subsidiary parts of the design. (Id2)| 
The ** Diocesan Training College, Winchester," now erecting by 
Mr. Colson, does not strike us as being worthy of the object or 
of the architect The contract is £7500, and the walling is to 
be of Swanaffe stone, with Box-ground stone dressings. Certain 
drawinj^ submitted in competition for the Liverpool Cemetery 
Chapels have already come under our notice; two others (135, 
136), by Mr. Goldie, may here be mentioned. The former of 
these is disfigured by the shape of the bell turret, which in 
the other drawing is differently managed, and with a better 
result. 

{To he concluded in owr next.) 



The committee have arranged for the deliver^ of art-lectures, 
on successive Tuesday evenings, during the exhibition season, 
as heretofore. One of these, on " Architecture in London,*' by 
Mr. Beresford Hope, was announced for last evening, April 30th, 
those yet to be delivered, with the names of the respective lec- 
turers, are as follows: — 

May 7th— Sir C. Wren and his Times. By Mr. Robert Kerr. 

„ 14th— Romanesque Architecture. By Mr. Edward A. Freeman. 

„ 2l8^-The Revival of Stjdes. Bv Rev. J. L. Petit. 

„ 28th— Church Architecture of the Nineteenth Centurv. By Mr. 
R. P. Pullan. 
June 4th — On the Restoration of Ancient Buildings. By Mr. George 
E. Street. 

Season tickets, at half-a-crown each, will admit the proprietor 
to all these lectures, as well as to the exhibition at any time, 
and they are consequently, as might be expected, in large 
demand. The exhibition will remain open till the 30th of June. 



SUSPENSION GIRDER BRIDGES. 

TO TBI IDITOK Off TBI ClTIIi UOISIU kJt> ▲ECBITICT'I JODKHAL. 

Sir, — The subject of suspended girder bridges is evidently 
receiving that thorough investigation which is due to so im- 
portant a subject Will you allow mo to say a word upon the 
valuable paper at pages 317 and 352 of last yearns volume of your 
Journal, and on the suggestion of Mr. Kopcke at page 6 of the 
present volume. In the first of these it is soundly argued that a 
suspended girder should be strong enough to sustain theoreti- 
cally — 

1. A load of half the weight per foot nin of the rolling load, 
distributed upon half of its length, beginniug from either end: 
that half of the girder beiug considered to receive no assistance 
from its connection with the other half. 

2. That it should be in practice of uniform strength throughout 
And again, as to the chains, I gather from the fact of their 

being recommended to be strained, so as to give the girder 
initial camber, that 

3. The chains should be able to carry the whole weight of 
themselves, girder, and load. 

Then the writer of the paper quietly avoids the subject of 
temperature. A consideration of this, m as close detail as the 
former subject of load, would have made his investigation com- 
plete. 

I must protest against the avoidance of this subject, simple as 
it may be; in my view, it is the great difficulty. Temperature 
has no influence on the deflection of the girder — it has a great 
influence on that of the chains; and it is necessary, in a com- 
plete investigation, to give at least a rough t^lculation of the 
oondition of strain upon the various parts of the bridge, at the 
two extremes of possible heat and cold. In treating of a banging 
larder, I have estimated that the ironwork of the bridge required 
increasing above ^ (more accurately •^) of its weighty to meet 
the efiects of temperature. 

Mr. Kopcke has introduced a notion of a hanging girder with 
a hinge at its centre. This naturally suggests a suspended 
girder (or, rather, two suspended girders), with a tooth, flange, 
or hinge at the centre of the span, so as to enable them to fall or 
rise as the chain expands or contracts with varying temperatui'e. 
A practical investigation of all these bridges is vastly needed, 
but none can be safe which neglects temperature.— I am, &&, 

JOHV H. LiiTHAlC. 
NeUoie, Madias, 16th Fehniaiy, 1861. 



[Mr. Latham riffhtly construes our meaning to be that the 
chains should be able to carry the whole weif^t, of themselves, 
girder, and load: the task of the suspended girder being simply 
and solelv the distribution of the load; and that of the chama^ 
the actual support of the load thus distributed. 

We have considered the rigidity of the girder as uniform 
throughout) and in practice it should be so for the greater part 
of the span. At the same time, a little eoonomy of material 
might be safely effected in the quarter-span next either pier, by 
somewhat lightening the section of the girder (from a point 
distant from the centre 0'27«) towards the end. And in the case 
of a single span of large dimensions, some further saving might 
be found practicable towards the centre of the girder, where the 
si rain is not so severe as at the quarter-span. 

We found that, apart from the stretchins of the chains, and 
for a bridge of a single span only, the suspended girder should be 
strong enough to carrv a load of half the weight per foot run of 
the rolling load, distributf d upon half its length, beginning from 
either end (as Mr. Latham correctly puts it). And we proceeded 
on the implicit understanding that at the point of contrary 
flexure the loaded portion of the girder receives no accession of 
transverse strength from its continuity with the other portion^ 
but only a certain amount of vertical support 

But here it is of importance to bear in mind that to the 
strength of the girder, as computed on the foregoing principle, 
an addition has to be made, to meet the further strain resulting 
from the stretching of the chains as the load comes on the 
bridge. An additional contingent strain has also to be provided 
for, dependent on the thermometric expansion of the chains. 
This latter point is of very great importance, and it has already 
received some attention from us. In the article to which our 
correspondent refers (vol. xxiii. p. 354, col. 2), we considered that 
the depth of the girders should not exceed from one-third to one- 
half the rise of the chains, in order that they might be suffi« 
ciently flexible to follow their motion, and never cease to be 
truly suspended girders. And in p. 353, ooL 2, we gave a for- 
mula for the degree of fall causea by the lengthening of the 
chains, which we stated to be as applicable to the efiects <^ tem- 
perature as to those of tension. 

We are, however, glad that our correspondent presses home 
this question, since, although we think the passage to whicb 
we have referred puts the answer fairly within reach of our 
readers, the matter certainly deserves a more detailed considera- 
tion than we then found space for. 

The girder will be most severely taxed when, in addition to 
the theoretical maximum strain, and the effect of the stretching 
of the chains, it is subjected to a further deflection owing to the 
expansion of the chains by heat. 

Unless the suspended girder is fixed at an extreme winter 
temperature, the chains will of course occasionally rise as well 
as fall. But it is with the degree of Mi that we aie mainly con- 
cerned, since it is the fall that adds to the effect (in itself con- 
siderable) of the settlement of the chains under tension. 

Suppose the temperature at which the bridse was fixed, or to 
which it was ultimately adjusted, to be such that the expansion 
due to extreme summer heat would be at the rate 1 : 1 -l-ej. And 
let the elastic strength of the chains be such that the greatest 
rolling load will cause them to stretch at the nte 1 : l-t-e^. Also, 
let «=span, v=: rise of chains, and fn= rate per foot forward of 
greatest rolling load. And let the girder, as first calculated for 

the theoretic strain = — , be of such rigidity that (without the 

in 
support of the chains) a rolling load at the rate -^ covering the 

o 

entire span would deflect it D; D not exceeding one-fourth of its 
ultimate deflection. 
The greatest rolling load would cause a settlement in the chains 



_25eW^ 4ex 

— 32 \4o'^ a/"""' 



and the greatest rolling load on half the bridge would cause 
a setUemeut = ^d. 
The greatest summer expansion would cause a settlement or fiiU 

- 32 V4f^+ 3;-'- 
Di df and < are given in ttrms of a loot 



ibgri.iNi) 
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Hie result of tbe setUements — and 8 combined ^rill be to 
tiirow on the giHer an added strain at the qnarter-epan 

~" 8D ^ 64 • 
To provide properly for this strain, the flanges of the girder 

shonld he made heavier, so that the rolling load at the rate 't 

o 

shonld deflect it not D, hnt only D— f<f~|8. That is to say, the 

sectional area of the flanges must be first odonlated for the strain 



, and then iocreased in the ratio of 1 : 1 



3^ + 68 



^ , ^^ , ep_3^_g3. 

A forced camber given to the girder, or (which comes to the 
same thing) its adjustment to extreme summer temperature, 
would, by reducing the actual strain thrown on the girder by the 
settlement of the chains, allow a considerable abatement in the 
weight of the flanges. Thus, if there were a forced camber = k^ 
the proportion in which the area of the flanges should be in- 
creased would become reduced to 1 : 1 + kD^'kd^M-Ufik ' 

J£f then, the bridge is adjusted to a mean temperature, so that 
the extreme summer fall (8) is half the total variation between 

summer and winter, and if a camber (k) be added = ^, the area 
of the flanges will be found as follows: — 
1. Take the area (=A) calculated for the proposed depth of 

girder for a strain = ^ . » or it will now be more accurate to 
o4 

say, for « strain = 0*132 X .r (See page 35 ante,) 

o 



5L Increase A in the ratio 1:1 + 



3S 



Thus, if D =s 



4D— 3« 
0-83 foot (=10 inches), and 9=0*17 foot (=2 inches), the increase 

will be at the rate of 1 : 1+r^r rr , or about 18 per cent. 

332 — 51 

The preceding applies only to bridges of one span. Were 

there more spans than one, the rate of increase would be 

In this case D^ is the deflection of the girder, if unsupported, 
under a load equal to half the greatest rolling load, distributed 
over the entire span; and A must be calculated for a strain 

If 3 = 0*17 as before, and D,=0*83, the increase of area to 
provide for thermometric settlement will now amount to 25 per 
cent 

The formula we have hitherto employed to find </ or 8 in terms 
of e, gives the efiect of the elongation of the chain alone. There 
will be two other causes at work which we have not yet spoken 
of, and each of which in a subordinate degree aflects the deflec- 
tion. 

The first of these causes is the lengthening of the suspension 
rods (more especially of the long ones), whether from heat or 
tension. As the girder will not admit of an abrupt depression 
near the pier, the result will be that the upper portions of the 
chain will rise, the curve becoming flatter, while a slack will be 
thrown towards the centre of the chain, causing it to droop. 
The girder on the whole will drop, in a curve not very diflereut 
in form from its natural curve of deflection under an equally 
distributed load. 

The second cause of altered deflection is found in the compres- 
sion of the towers, which tends, of course, to increase, and the 
summer expansion, which tends to diminish, any settlement 
WiUi iron towers the latter efiect would certainly become ap- 
preciable; and also the former, unle^ there were a liberal allow- 
ance of sectional area. But at the time when the bridge was 
most severely taxed from summer expansion and the weight of 
the rolling load combined, the compression and expansion m the 
piers woum so far neutralise one another thnt the resultlug dis- 
placement either way might well be neglected. 



A word has yet to be added aa to the first canse of subordinate 
disturbance above mentioned, namely, the lengthening of the rods. 
The efiect of the lengthening of the ohain is^ as we have elsewhere 

said, a deflection <^= oS'VTl+o"}* This expression, re- 
solved into two terms, becomes 

^ 25«t» , 25 

^=128"; +24^*'- 

Of these two terms the second is considerably the smaller, its 
value varying in practice between 8 per cent and 4 per cent of 
the entire settlement d. Now the effect of the lengthening of 
the rods is comparable with this smidl second term. It is there- 
fore one which would be amply met by 2 or 3 per cent more 
metal in the flanges of the giraer. 

A last consideration (although by no means the least), is the 
slack thrown in the chains by the stretching or expansion of the 
stay-chains. As far as this cause is allowed to opei-ate, a further 
addition of metal in the girder is demanded, to calculate which 
the length and position of the stay-chains must be known. 
But we know of no expedient so good as that invented (and we 
believe patented) by Mr. Ordish. A weight is so hung from a 
point in the stay-chain between the tower and the anchorage 
that the stay is always kept taut, afid its expansion or contrac- 
tion consequently does not affect the main chain. — Ed.] 



EXHIBITION OP INVENTIONS AT THE SOCIETY 
OP ABTS. 

The annual exhibition of inventions in the rooms of the 
Society of Arts affords inventors p^ood opportunity of making 
known the products of their inventive faculties. It is now four- 
teen years since the society commenced these exhibitions, which 
may be regarded as the precursors of the Great International 
Exhibitions; and it is to be regretted that they do not attract 
more public attention. In a country like this^ which depends 
for its prosperity mainly on improvements in the manufacturing 
arts, it might be supposed that great interest would be excited 
to witness the progress that had been made during each year; 
but comparatively few of the multitudes who rush to other 
sights, turn to look at the display of ingenuity, open gratui- 
tously every spring, in John-street^ Adelphi. This apparent 
indifference to the progress of mechanical arts may be in a great 
measure accounted for by the want of pr(^r accommodation in 
the society's house for such an exhibition, without sacrificing to 
that object the room in which they hold their weekly meetings. 
The dimly-lighted chamber in which the articles are deposited 
is not a fitting phice either for their reception nor for the re- 
ception of the company who may want to see them; and the 
knowledge of the unfitness of the exhibition-room, and of its 
unattractiveness, prevents the greater number of inventors from 
becoming exhibitors. Out of upwards of 34)00 inventions pa- 
tented during the last year, not one-tenth part are represented 
in the exhibition of inventions by the ScKsiety of Arts. The 
forthcoming International Exhibition may have also tended to 
deter many from anticipating their appearance on that occasion. 
Notwithstanding these depressing influences, the exhibition thin 
year contains many things desei-ving attention. 

The first objects that present themselves are models of boilers, 
furnaces, furnace-bars, and other appliances for the generation 
and regulation of steam. No. 3, a smokeless furnace, patented 
by Mr. W. Yates, possesses oonsiderable merit, thouffh, if we 
mistake not, the pnnciple on which it depends has oeen pre- 
viously claimed. The Aiel is supplied above the mouth of the 
furnace from a hopper, with a bottom attached to a transverse 
shaft, which may be moved by hand to open a passage for the 
fuel. Several of the central fire-bars are oonnected together by 
transverse bearers, the outer ends of which are supported on a 
rockinff quadrant By this arrangement, when the fuel descends 
from the hopper it is carried forward into the fire-chamber hyr 
the horizontu movement of the central fire-bars. The door is 
kept closed during the ordinary working of the furnace, but there 
is a hole in it through which the condition of the fire may be 
occasionally observed, and the stoker's tools applied, if nec€«sary. 
The accompanying woodcut represents a sectional elevation of 
the furnace, in which b shows the transverse shaft at the bottom 
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on ooe side as would be drawn np on the other, and the 
weight would remain stationary. Bnt as one grooved circum- 
ference in the npper block is of smaller diameter than the other, 
when the pullej is turned the chain is raised on one side more 
than it is lowered on the other, in proportion to the difference 
in diameters of the two grooves, and the weight is raised to 
that extent Were the force applied to the chain that is geared 
round the smaller groove, instead of the weight being raised, 
it would descend. The notches on the chain-wheel prevent the 
weight from running down when the difference in the diameters 
does not exceed that in the block exhibited; but were the dia- 
meter of one to be much greater than that of the other, the 
additional leverage would overcome the resistance, and the 
weight would in that case run down. By a pulley-block of this 
kind it is ^aid that a man may readily raise a ton weight, and 
without any accessory mechanism the weight is sustained in the 
position to which it is lifted. 

Some large specimens of the new metal, aluminium, and of 
its alloys with copper (No. 88), are exhibited by Messrs. Bell 
Brothers, of Newcastle-upon-Tyne, who are said to produce it 
at such an economic rate as to render it applicable for many 
manufactures, and for some parts of machinery, with great 
:ui vantage. The pure metal resembles platinum, and in its re- 
ftiAtance to the action of some of the most powerful acids it is also 
like that metal, but its other properties are very different. The 
specific gravity of aluminium is not one-eighth part that of pla- 
tinum, and it is four times less than that of silver; it is therefore 
the lightest of all known metals, excepting the bases of the earths 
and alkalies. It is capable of being forged, rolled, and drawn 
into wire, and melts at a temperature a little above that of zinc. 
The chemical properties of aluminium are very peculiar. Sul- 
phuric and nitric acids have no effect on it, nor have caustic 
alkalies; but muriatic acid dissolves it readily, and alkaline solu- 
tions also act on it with energy. The alloys of aluminium with 
copper, or aluminium bronzes as they are called, possess a 
degree of tenacity and hardness equal to that of steel. A bronze 
composed of 10 parts of aluminium and 90 parts of copper looks 
like ffold, and is said to take as fine a polish as steel. It is 
stated, in proof of the hardness of this bronze, that a groove for 
the guide blocks of a locomotive engine, made of that alloy, exhi- 
bited no appearance of wear after six months' use; and that it 
was tried for the journals of the front wheel of a locomotive with 
very good effect; its great malleability, combined with its hard- 
ness and tenacity, rendering it well adapted for that purpose. 
Aluminium is coming into general use in small Birmingham 
manufactures, and its great strength and hardness, and its non- 
liability to corrode, seem to render it a desirable substitute for 
steel in many parts of machinery, if it can be produced at a cheap 
nte. 

An apparatus for deep-sea sounding (No. 95^ contrived by 
Dr. Wallich, will be very serviceable in surveying the bottom of 
the sen, previous to laying down telegraph cables. Two hemi- 
spherical cups are kept open by a heavy weight, which, on touch- 
ing the bottom, fiills o^ ana the cups are firmly closed by a 
strong elastic ring. Specimens of the mud, or other loose 
matters at the bHottom, can thus be effectually secured and 
brought to the surface. 

In the section of building and domestic appliances, there is a 
model of a method of sheet-roofing with slate, invented by the 
Rev. T. Martin; a self-acting cleansing and purifying apparatus; 
contrivances for rendering window sashes air-tight; new sash 
frames; relievo covering for walls and ceiling; a heat regulator; 
a corrugated chimney-top, and other inventions: none of which, 
however, so fiir as can be ascertained in the gloom in which 
they are obscured, possess much novelty, or promise practical 
utility. 



SUBWAY, COVENT GARDEN APPROACH, LONDON. 
(With an Engratnng.) 

The accompanying plate exhibits plan and sections of the sub- 
way recently constructed by the Metropolitan Board of Works, 
under the new street extending from Cranboume-street to King- 
street, and forming a much-improved approach, from the west, 
10 Coven t-gai'den Market. 

The subway was designed by Mr. Bazalgette, the engineer, in 
conjunction with Mr. Marrable, late architect to the boani, for the 
purpose of receiving the pipes and mains for gas and water, laid 



in sndi a manner that easy aooess oonld be had to them at all 
times withouc disturbing the surface or roadway; and their 
object was to accomplish this by an arrangement simple in fonn, 
and at the least possible expense. The length of the subwajr 
executed is 374 feet The total width of the street in the dear 
is 60 feet. The arangement consists chiefly of a central con- 
tinuous passaee or subway, extending the whole length of tho 
new street, of sufficient dimensions (12 feet by 6 feet 6 inohes) 
to admit of the deposit of any requisite number of gas and 
water mains, and telegraph wires, with ample working room 
for alterations, additions, or repairs. Under the centre of 
this passage runs the sewer, to which means of access by 
man-holes are provided at convenient distances, as also venti- 
hiting shafts, gullies, &c. Side-arched passages communicating 
with the central way are constructed between every two houses, 
in which the service-pipes are carried from the mains into the 
open areas in front of tne houses, and open channels are left in 
the footings of the walls dividing the house-vaults through 
which the service-pipes are carriM without any interference 
with the structural arrangement; and these channels^ although 
of small dimensions (4| inches by 3 inches), being always left 
open will act as drains for the admission of air m>m the open 
areas into the central passage, which in conjunction with venti- 
lating shafts at convenient distances into the roadway, will 
secure an ample current of air for all the purposes of ventila- 
tion. An entrance to the main passage is provided in Rose- 
street, similar to the ordinair side-entnuices, but of such dimen- 
sions as to allow of the readv admission of the main pipes for 
gas and water, which, as all the service-pipeB are laid in sunken 
channels, can be readily carried to any required point on a small 
truck kept in the subway for the purpose. Provisions have 
also been made for the hydrants or fire-plugs, and for the service 
of the street lamps. 

Estimates have been prepared by the Board of Wotks, showing 
the exact cost of the private vaults of the houses, the paving <? 
the foot and road wa^ together with the cost of the ordinary 
sewer, including digging side^ntrances, ventilating shafts, gullies, 
&C.; by which it appears that the extra cost of constructing the 
subway, as executed, does not exceed £i per foot run, or, divided 
between the houses on the two sides of the street, about £l per 
foot frpntage on each house, which, together with the cost of the 
vaults, sewers, and road, might be charged at once on those 
taking up the ground-rents, or be added as an annual charge in 
addition to the ground-rent, and which, of course, would form a 
part of the annual rental, to be sold when the board should 
think fit to realise the ground-rents. Mr. Thirst, of Qielsea, 
was the contractor; the amount of contract was ;£4391. 

Original Ettimate of Subway, Sewer, CeUarM, Foot and C<nriaff$-waf 

Paving, at per foot nm of frontage. 
Sower — 9, £, «. d, 

£xoavatioii8, carting away, &c. 0*42 cubic yd. at 2«. M. 1*05 

Brickwork, 4-66 cubw feet, at lid 4-27 

Junction Idockfl, 9-inch pipe 0*06 

Sub-way — 5 6 

Excavations, &o., 2*273 cubic yards, at 2f. 6d. ... 5*68 

(Central passage) "brickwork, 18*16 cubic feet at lld....l2-06 

Excavation, &c., 0*306 cubic yard, at 2«. 6d. ... 

(Side passage) brickwork, 2*14 cubic feet^ at lid. 
Cellars- 
Excavations, kc., 3*535 cubic yards, at 2f . 6d. 

Brickwork, 22 930 cubic feet, at lid 

Pitching (brick on edge), 0*525 square yard, at 8#. 6d. 

Paving, area 24 flag, 0*324 square yard, at 4«. lOd. 
Forming of street — 

Excavations, 1*02 cubic yard, at 2«. 6({... 

Concrete, 0*83 cubic yard, at 6«. 

7-inch granite cubes, 1*66 square yard, at 16«.... 

Kerb, 0*25 cubic foot, at 5« 

24 paving, 0*665 square yard, at 4f. lOd. 

3-inch paving, 0*103 square yard, at 5f. 7d. ... 



0*76 
.. 1*96 

.. 8*83 
..2102 
.. 1*84 
.. 1*56 

.. 2-55 
.. 4*99 
..26*56 
.. 1*25 
. 3*21 
.. 0*57 



10 5 



1 13 3 



Add proportion for side entrance, ventilators, &c. per foot run 16 

Total cost per foot run of frontage £4 19 9 

The length of the frontage of the houses is about 880 feet. 
Since this estimate was made the board have decided upon 
charging the cost of the oelkirs only to the purchasers of the plots 
of land, so that the excavation for and formation of the subway 
itself for a length of 374 feet has to be deducted from the above 
estimate, and forms an outlay by the board on behalf of the public. 
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ON CONSISTENCY OP STYLE IN DESIGN, AS EX- 
EMPLIFIED IN THE WORKS OF THE QUATRO- 
CENTO PERIOD .♦ 

By Sydney Smirkb, RA. 
Ik a former lecture I called your attention to a period in the 
progress of oar art which must ever be of great interest and 
▼alue,t — I mean the Qoatrocento period, for it was then that the 
foundation was laid of a new epocn or style of art, founded it is 
true on the admired examples of antiquity, but adapted and 
reshaped to meet the new wants and alten^l habits of modem 
life. On the occasion to which I refer my retrospect reached back 
to the earliest germination of the Renaissance. We found that 
even so far back as the middle of the fourteenth century there 
was a manifest dawning of the coming change; and that by the 
middle of the following century the revolution had been com- 
pletely effected. I recommend^ to your special attention and 
study the beautifal and in many respects original style of design 
which the best masters of that period practised; the style, in 
short, which we observe in the works of the Lombard! at Venice, 
of Alberti at Rimini, and elsewhere, and of some few other emi- 
nent artists who led the way in that new school. 

But it is not to be denied that that style is characterised — 
perhaps I ought to admit, disfigured— by certain archaisms and 
conventionalisms similar to those which are observable in the 
sculpture and painting of the same transitional period. In &ct, 
throughout the fifteenth century a savour of Mediaoval art had 
remained: works of great jjurity and bwiuty would often present 
some quaint conceit, a reminiscence of the past analogous to that 
which still tinctured the elder schools of the other branches of 
art. This no doubt was occasioned by an unwillingness, not 
uncommon, to depart from a trodden path, and to that reverence 
and prepossession with which it is natural to regard the works 
of our forefathers. Nor is this habit peculiar to architecture 
alone. The other arts were, pari paam^ partaking of the same 
innovating spirit Old habits and partialities had to be overcome, 
old barriers broken down, both in painting and sculpture. There 
were those who still persisted in representing human fibres 
standing on the extremities of their toes, and who would not 
learn to represent a horse walking as {done a horse can bv any 
possibility walk. Yasari dwells with some naivete on the impo- 
tent dismay with which the men of the old Gothic school beheld 
their long-cherished traditional delineations of natural objects 
set at nought, and their conventionalisms disregarded and wholly 
displaced in popular estimation. 

The new manner of design in the three sister arts appears to 
have become completely matured at the dose of the nfteenth 
century — not, it is true, in Europe generally, but in Italy, which 
was then immeasurably in advance of other countries in SBsthetio 
cultivation. A particular interest attaches to that transitional 
period, for it was a time of remarkable activity and energy, — ^an 
activity which perhaps necessarily accompanies all periods of 
great social change. 

It was at this juncture in the history of the world that men 
began to learn that war is not the normal condition of our exist- 
enoe, and that human happiness depends rather on social co-ope- 
ration than on antagonism. They were then also learning to 
exercise a free judgment on many public and religious institu- 
tiona These great changes were accompanied by great changes 
in the moral perception and practice of fine art. Dwellings 
ceased to be castles; helm, corslet, and mail gave way to the silk 
and ermine of civic robes; and the houses of the great began to 
wear a new aspect when their occupants ceased to frown on their 
neighbours as on their natural enemies, and begpm to appreciate 
the smiles and giaces of domestic life. Thus, nothing could be 
more joyous and peaceful in their aspect than the palaces of 
Yenice that began to be built about this time; and when, at a 
somewhat later period in our own country and in neighbouring 
states, the harsh attributes of medisdval life yielded to the culti- 
▼ation of peaceful arts, nothing could exceed the cheerful and 
attractive aspect of the mansions of the Elizabethan age: unre- 
fined indeed, and occasionally clumsy and even grotesque, they 
were gay and lightsome,-K)ften indeed so flooded with light, that 
as Bacon, who was familiar with such houses, says, " Men knew 
not where to be to be out of the light," so entirely had the 
■eduded and fortified aspects of the earlier architecture been 
banished from them. 

* ThethiMofaeovneofLectiuwcmAixUtectaredeUTwedattlieBo^ 
tflaeoiiifpiielM. ' 



Among the changes brought about at this momentous epoch, 
none were more strongly marked than those which occurred in 
our own art; and the change which was in Italy gradually 
effected during the fifteenth century seems to have reached, as I 
have stated, its final completion towards the end of that century, 
—a period rendered so illustrious in the annals of art by the 
works of Raffaelle, Michael Angelo, and a brilliant host of others 
of kindred genius. Bramante, and his still more distinguished 
pupil Raffaelle, introduced in their ai*chitectural designs that 
union of perfect grace and.simplicitv which inclines me to assign 
the very beginning of the sixteenth century as the date of the 
greatest penection of the Renaissance school, when modem archi- 
tecture may perhaps be said to have attained a degree of excel- 
lence which has never been since exceeded. Among the most 
notable examples of this very remarkable but short period may 
be named the Loggia of the Yatican, the Pallazzo of the Cancel- 
laria at Rome, the Palazzo Pandolfini, and a few other buildings 
which might be named as specimens of matchless 4)urity of 
design. 

As the painter's art freed itself from the conventional style of 
drawing and composition which had before prevailed, and became 
distinguished for truth, simplicity, and grace, so architecture 
in this its age of elevation — namely, the commmencement of the 
sixteenth century — will be found to be free alike from the 
grotesque tendency both in proportions and in ornamentation 
which occurs in the preceding age, and from the excesses and 
extravagance which grew up with the rapidity and profusion of 
weeds during the succeeding period. It is to be deeply regretted 
that Raffaelle did not live to transmit to us a greater variety of 
examples of architectural desi^, for undoubtedly he had as pure 
and refined a feeling for architecture as for the sister art. The 
great works of this illustrious man, whom the united voices of 
his own and of all subsequent ages, and of all civilised countries, 
have pronounced to be one of the most gifted sons of art, were 
executed within twenty years — namely, from 1600 to 1520 — 
which must be regarded as the culminating period of modem 
art, including modem architecture. It will be profitable then 
to look back upon that short but brilliant epoch, and to pass 
under review some of th& principal works which belong to it 

I have already noticeosome of the contemporaneous social and 
political events which characterised this period of mental and 
SBSthetic activity. Yery few years sufilced to effect very great 
progress. The great changes in art were, as you well know, 
simultaneous, and perhaps in great measure connected with and 
consec|aent upon the important literary revolution which was at 
that time taking place. After Ijdng for ages almost concealed, 
and certainly wholly neglected and uncultivated, classical litera- 
ture was restored and rapidly developed, and it was natural 
that at the same time a congenial taste for the study of that 
classical art with which it was intimately connected should 
arise. While the Petrarchs and Politians were busied in ex- 

Sloring and unfolding the treasures of neglected libraries and 
efaced palimpsests, the researches and labour of the no less 
indefatigable lovers of ancient art were daily bringing to li^ht 
the surviving evidences of its former excellence. The first artists 
of the period were indeed the most energetic archeeologists. 
Buildings previouslv unknown were disinterred and diligently 
examin^. We find Alberti, Bramante, Peruzzi, and Rimaelle 
himself, studying with exemplary pains the crumbling relics of 
antiquity, and with incredible zeal measuring and oelineating 
those treasures, which, like the gold of new-found fields, had lain 
for centuries trodden under foot, disregarded and even unol>- 
served. The effect of this ardent study soon made itself very 
visible in the works of these artists, and such was the fervour 
with which these studies was pursued, that the lifetime of each 
individual artist witnessed wonderful changes in all the arts of 
design. 

It is not for me to expatiate on the chants so effected in the 
sister arts; I have alreaay alluded to the sin^lar evidence of 
progress as a painter in the twentpr years of Kaffaelle*s artistic 
life. Unfortunately he built so kttle that we have not the 
means of tracing his progress in architecture; but in the works 
of hb master, Bramante, we have more palpable evidence of the 
efiects of his eager study of classic remains: his ea lier works, aa 
in the Cancellaria, with all their beauty show some indications 
of the archaic diyness of the fifteenth century in the working 
out of their details; whilst in his later works, as for example 
the memorable arcades of the Papal palace, a more accurate 
acquaintance with Clasdod details ana Classical treatment of 
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arohitectunU fonni beoomea mamfeflt. YASftii dwells if itb ad* 
miration on the zeal with which Bramantfl applied himself to 
the acquialtiou of an accurate knowledge of the atjle which had 
for 80 many centuries fallen into oblivion. In caltivating thia 
Ktyle anew he was bat following the popular impulse that had 
been given to the study of ancient architecture by the disinter- 
ment of Roman Femains, both literary and artistic But the 
peculiar energy of Bramante^a character, and the favour which 
he enjoyed at the Papal court under Alexander VI. and 
Julius 11^ and which afibrded him so wide a field for the exer- 
cise of his genius, rendered him perhaps the moat influential 
and etfective of all the promoters of classic art at the period to 
which we are referring. 

Among the foremost of those who zealously seconded Bra- 
maDte*s efforts for the reauscitation of ancient architecture, was 
Baldassare Peru2zi. Although his immediate successor in the 
&bric of St. Peter's, Penizzi was an artist of widely differeut 
character^ of &r less vigour but of much more refinement, most 
pamstaking and laborious, but diffident, retiring, and unambi- 
tious, PerujEzi wanted those iutriosic qtmlities without which 
talent often fails to attract the merit which it deserves. Br&r 
mank*, bold and energetic in the prosecution of his works, yet 
joyous and festive in hie aociai habits, attained the highest fa- 
vour and the utmost popularity', whilst his sucoeasor, of a very 
diiferent turn of mind, Jived, as his biographer tells us, amidst 
constant vexations aud difficulties, and died in penury. Yet, in 
mockery as it were of his hard fjite while living, a pompous 
XDonument wus erected in his honour after death by the pope, 
in the Pantheon, close to the resting-place of his fellow-pupil 
Baffaelle. 

There are lessons to be learnt from a careful study of the 
works of tliese earlier masters of the Benaissance to whom I have 
been referring, which I think it particularly behoves me to dwell 
upon in this place. 

I can call to mind no work of the best masters of this period 
which does not clearly indicate that in their estimation it was a 
leading principle of design to distinguish very widely, and in a 
moat marked manner, between the treatment of interior and 
exterior architecture. In the works of both the masters to whom 
I have adverted^ — namely, Bramante and Peruzzi, but perhaps 
mors especially of the latter, a degree of interior oru.-^mentation 
was indulged In that might to our cold northern tastes appear 
almost excessive, and which we should probably be disposed to 
condemn, were the excesses not redeemea, and I may say in moat 
oases fully justified, by the extreme beauty of these ornamental 
details, auu by the judicious treatment of them. Nothing, for 
example, can well exceed the elaborate elegance of the decora- 
tions of the halls and corridors of the two Massimi palaces at 
Kome, which I own struck me as among the most finished 
studiea of interior architectural composition that I had ever seen. 
The rapid i dvance made towards the perfecting of the new stylo 
is rendered remarkably apparent by a oooiparison of the orna- 
mental details of Bram ante's Cancel laria with those of the highly 
finished works of Peruzzi to which 1 have just referred. 

Now if we look to the ex tenor of these same buildings we shall 
find the most marked difference of treatment; — a general abate* 
miousness prevails in respect to mere ornamentation. The evi- 
dences of care and study in the composition of the leading forma 
us well as of the details ai^e quite as apparent outside as within^ 
There is not a mouldiug that does not bear the impress of thought 
and care; but you will find breadth and simplicity the chief 
objects aimed at throughout, whether in the principal* features or 
in the minor details. It is clear that these great masters, with 
one accord, wei-e wont to say to themselves, " We will indulge 
our love of the beautiful on the walls and ceilings of our saloons 
And corridors, where the eye has leisure to dwell upon them, and 
where, sheltered from the vicissitudes of the seasons, our cunning 
intrioaci^ and our mimic foliage may endure, and be a permanent 
source of pleHSfLntcuntemplation for future generations^ but we 
muBt, in our exterior work, have regard to the altered circum- 
stances of position. A building cannot be very critically exa- 
mined, or even seen with convenience, from a very proximate 
point of view: the eye muat be moved to some distance in order 
to appreciate or comprehend the dttsign of the exterior when 
the building is large. It is not then in these elaborate details 
that we can hope to win the applause of cultivated oritics; for iu 
truth such details will be too far off to be seen. We must 
rather have regard to the erwewi^fe, to pleasing outlines, to variety 
of light and shadow, to symmetrical airangement of the eeveral 



parta. Such are the ooDsiderations that mnat be foremost in our 
minds whilst we are designing external architecture. If we 
introduce on the outside the mmnte and intricate ornaments in 
which our fancy disports within, we shall find the breadth of 
our lights broken up, and their effect destroved. We shall be 
inviting attention to details the merits of wfiich will bo unap- 
preciated, and run the risk of losing the labour we have 
bestowed on the general composition, which may perchance pass 
unheeiled by the eye, distracted in its attempts to examine un- 
important minutiee. Besides, architecture is a material art: it 
deals with aubatiintjal realities, and ia wholly dependent on 
static laws. Moreover if we bteak up and obliterate our bound- 
ing lines, we shall deprive our work of the special character of 
architecture, and destroy its idiosyncrasy. It behoves us too to 
reflect that by raising up a structure composed of trivial little- 
nesses, and overlaid with festoons of little leaves, and flowers, 
and ribbons, or crowded with crockets, fiuials, and intricate cor- 
belling, and by fiettiog the surface over with niches and imagery, 
and so forth, we shall be setting the elements a^nst us. We 
ahall find that the rain, and the frost, and the invisible chemical 
atmospheric agencies for ever acting with determined hostility 
against the substances we work in, will ultimately ^possibly 
slowly, but perhaps rapidly, at all events most surely — render 
our sculptural labours nugatory, and perchance indeed annihi- 
late our building; and if those who follow us are not perpetually 
employed in renovating our work — patching and mending, re- 
storiog or renewing— our structure will inevitably become a pio- 
tureaque ruin, the established residence of bats and owls.** 

Such may have been the reasoning of tboae experienced^ 
thoughtful, and sagacious masters who ruled the destinies of 
our art at the end of the fifteenth century, and hence we find 
that Raffaelle, when he designed the Palazzo Pandolfini at Flo- 
rence, his work is a model of symmetry and elegance, but wholly 
without wreath, awagg, or crocket. It is the admired of all 
beholders, as much so now as when it was just erected; and 
lastly, it remains uuaffected iu its atabiiity after exposure to the 
elements for three centuries and a half. The same discrimina- 
tion in the use of decorative details will be fouud to charae- 
tenae the architecture of the Yatvcau Loggia, the Canoellaria, 
and the Palazzo Ma&aimi, at Rome; the Church of San Francesco 
at Rimini, the Palazzo del T at Mantua, and I believe I may 
add every otber building by the leading artista of that memo- 
rable period which remains to us undisfigured by the hands of 
more recent spoilers. 

I feel it incumbent on me to invite the attention of the student 
in architecture of the present day to a thoughtful consideration 
of this lesson, as taught us by the best masters of the best period 
of modem art. It is the more incumbent on me to do so, 
because it is impossible to deny that the fault of the present 
day ia a tendency to excessive and inappropriate ornament. 

I trust I shall be exonerated from any charge of personal 
criticism. I can truly say 1 have not the remotest idea of assail- 
ing individual sinners; it is the sin 1 would condeum. If we 
critically examine the growing architecture of any of our great 
commercial or manufacturing towns, we shall see ostentatious — I 
may call them presumptuous^^ — edifices rising around us, in every 
possible respect the reverse of those graceful yet unassuming 
works to which I have been adverting* Their outside is decked 
out and weighed down by oniament, snowy, obtrusive, and mere- 
tricious; whilat their interior presents usually bare black walls^ 
as indeed they should be, seeing that they are occupied solely 
by clerks and merchandise. I cannot in U>o strong terms raise 
my feeble voice against this vulgarism, which, while it pandere 
to the woi^t tastea of the uneducated throng, seta an example 
that tends to jlerpetuate the grievance, and to lower the stand- 
ard of public taste by inuring our eyes to these pretentioue 
solocisms. From warehouses and counting-houses the plague 
may spread to edifices of other and higher character. 

But let us turn from the further contemplation of these un- 
happy errors; and as the Spartan youth were taught sobriety 
and moderation by the repulsive exhibition of vice in ita worst 
forms, ao let us hope that the exhibition of so much vicious taste 
may operate as a warning to our ingenuous youth, and thus 
tend to bring back architecture to its ancient and becoming 
purity* 

Whilst thus venturing to denounce offences against purity and 
good taste, it may be permitted me to touch on what I am 
apprehensive must be regarded as another prevalent error — ^I 
mean the growing tendency to disregard consistency of style 
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in deiign. By style in art I presnma is meant a oertain homo- 
mneoQs system or manner of design, prodnetive of a oombinar 
tton of analogons forms bearing an harmonious relation to eadi 
other. Thus when a particular style or manner is adopted and 
careftdly adhered to, a pleasing eflect is produced by the general 
air of consistency whidi is the result^ even when higher ftsthetio 
qualities are wanting. 

T6 adhere accurately to any given style demands an intimate 
knowledge and close observation of its peculiarities, involving 
the necessity of a kborious and attentive study. This necessity 
is apt to breed a disposition, first, to depreciate, and then to 
disregard all study of this nature, — a study very unwelcome to 
the indolent and very distasteful to the self-sufficient student^ 
who spurns the trammels of consistency, and who, ambitious to 
strike out a path of his own, would fain believe it to be beueath 
him to rM;ard very narrowly the trodden paths and the more 
fir«quenteof highwavs of his art No mistake is more dangerous 
than this, — the only safe ground for hope of futtire progress lies 
in a clear and comprehensive knowledse of the past; and he 
who is eamestlv anxious to extend the bounds of art must first 
make himself thoroughly acquamted with all that lies within 
those bouuds. 

The contempt for cousistency of style gives birth sometimes to 
very strange spectacles, many singular compounds of discordant 
types. We shall find perhaps very high-pitched roofs of Frendi 
rococo work laid upon a structure having visible pretensious to 
Pailadian art, whilst scattered glimpses of Elizabethan manner 
give to the heterogeneous mass still greater grotesqueness. Such 
are the deplorable results of the neglect of style. Be assured that 
no genius, however comm mding, can indulge in these anomalies 
with impunity; whilst for the student of ordinary powers to 
venture upon them would be an act of imprudence which no 
sensible man would commit 

I may perhaps be told, that to inculcate so careful an adherence 
to style would be to set up a slavish doctrine, — to shackle the 
fimcy, and to limit the freedom of ffenius. But this would be an 
error. As consistency of conduct m the ordinary affiiirs of life is 
an evidence of stability of judgment, so aesthetic consistency is a 
proof of a taste based on sound and intelligent principles. This 
consistency of style is peculiarly a mark of the best periods of 
art, and will never fail to be found to distinguish the productions 
of the best masters. If for example we examine the ehefi <f craerev 
of the thirteenth century, we shall be otfended by no inconsisten- 
cies. One portion of the building appears to arise necessarily 
out of or to be necessarily dependent on the adjacent portions, 
and generally a natural sequence of parts tending to one homoge- 
neous whole seems at once manifest ;*-a pervading principle, in 
short, appears throughout the structure. So in the best woiks of 
the great masters of the Benaissance period, there is a well 
rmlated congruitv of manner, testifying that the artist was 
influenced bv fixed principles, and that his work was as much 
the result of good sense as of good taste; or rather, that these 
two qualities are necessarily associates of each other, for I cannot 
too strongly impress upon you howclosea rektionshipit is which 
exists between them. The educated eye refuses to be pleased 
with that which is irreconcilable to reason, iu however mscina- 
tinjr a form it may be presented to the eye. 

It is for this reason that all folse bearings in architecture are 
a deformity, for by offending the judgment they offend the tasteu 
Every apparent insufficiency of support, every pillar and corbel 
and Dcam that is apparently incompetent to bear the weight 
eharged upon it, disquiets the critical eye. I would suggest it to 
you as a useful exercise to test all the best works of architecture, 
of whatever date, with reference to this rule. 

You will find for example the lower parts of the building 
always designed with fewer breaks, smaller openings, and gene- 
rally a greater breadth of parts, in order to convey to the mind 
of an observer the idea of greater strength there than in the 
superstructure. An abundance of illustrative examples might 
readily be adduced, but it may be sufficient that I should name 
but two, both works of high repute, and familiar to all— the 
Campanile at Horence, and the Doge's palace at Venice. In the 
former, stability is one of its most prominent characteristics. 
GKotto its author was, we know, remarkable for his constructive 
sagacity; and his bioffrapher reports to us the infinite pains he 
took to secure the stability of his work, foshioning each indivi- 
dual stone to its special place and pnrpoee. Yet we see plainly 
that he was equally anxious to give to his tower the appearance 
as well as the reality of stren^h. In tmth, to act otherwise 



would have been to practise a spedes of arehxteetoral i^if^enjt 
whldi was &r beneath the dignity of his art, as well as incon- 
sistent with his eharacter as an artist He built a tower, in 
short, which has stood unmoved for six centuries, and bears upon 
its v«ry aspect the promise of permanence during at least anotner 
like perioa. In the Doge's palace at Venice^ on the contrary, wo 
see a buildinf^, which is no aoubt strong enough, for it has stood 
some centuries, but in which all its beauty of detail will not 
redeem it from the charge of being built in defiance of statio 
propriety. A vast, plain, ponderous mass of brick walling, light* 
ened b^ few windows, relieved by very few breaks, is upheld bj 
a continuous row of not very substantial looking arohes, ulti- 
mately resting on pillars of no great bulk, and having scarcely a 
iMse to receive th^. 

In the tower at Florence we see solidity below and lightness 
above; whilst in the palace at Venice all the solidity b above^ 
and the substructure is weakened, or apparently weakened— 
which is sufficient for my argument-— by a series of deep perfora- 
tions or excavations. To give a structure of adequate strenj^ 
the appearance of infirmity is a gratuitous piece of absurdi^, 
which no ingenuity of construction or beauty of detail will justify. 

Were it necessary to enforce this principle by further illustra- 
tions I might invite you to compare the dome of the Pantheon 
with that of St. Peters; the latter growing abruptly out of and 
af^xupently resting on a flat roof^ the former, on the contrary, 
having all the attributes of strength, its weight visibly and 
adequately borne by walls traceable down to the earth, upon 
which it manifestly reposes. It is but doing jnstioe to the 
memory of the great artist who firat designed St. Peter's, to add, 
that this serious esthetic error is due to a departure from his 
original design. 

£et us revert now to the consideration of the works of that 
particular period to which 1 have for the most part confined 
my remarks on the present occasion. I have called your atten- 
tion to the general propriety of design that pervades the works 
of the best masten of the period; and I have shown how inva- 
riably they kept in mind the difference which it is obviously 
and naturally desirable to preserve between the treatment oi 
interior and exterior ardiitecture. I have attempted to show, 
too, how discriminating they were in the use of ornament, exer- 
cising a wise and judicious abstemiousness, or a generous profu- 
sion, according to the relative position of the work and the cha- 
racter of the building. 

I would now invite you to observe how careful those mastera 
were to consider well the nature of the situation of their work, 
and the difference which they evidentiy thought it fitting to 
maintain between works of arohitecture erected in cities, and 
those which are erected amidst natural scenery. In these two 
cases the building is seen under circuinstanoes so widely differ- 
ent, that a correspoudinjOf difference of treatment seems obviously 
oalled for. A certain air of reserve and dignity, a subdued for- 
mality of manner, seems the most appropriate average character 
for buildings in the one case, whilst a rtan^ and playful aspect 
seems ^nerally the most appropriate in the other; luthough no 
doubt It would' not be difficult to state exceptions, still I appre- 
hend that such is the broad distinction which may aptiy and 
properly be laid down. 

In civic arohitecture, then, though there may be contrasts in 
the colour of the several parts, as well as in the form and or- 
namentation of the several features of the design, still it is 
expedient I think to preserve a generally symmetrical arrange- 
ment and uniformity of appeanmce, in order to give to tiie 
work that staidneas of character which seems most in accordance 
with civic life. 

My observation is intended of course to apply with more force 
to buildings of a public nature, but it applies also with, I think, 
but littie lees force to domestic arohitecture. In the thorough- 
fares of a great dty, good taste suggests that individual feeling 
shonld give way to public considerations; and a man who ol^ 
trudes his residence upon tiie public notice too conspicuously, 
lays himself open to the charge of a vulgar presumption. Hem- 
med in as every building usually L^ whether private or public, 
by numerous other buildings, when in the centre of a town, each 
is liable to be judged with reference to its neighbour, and each 

roup of buildings forms, or should form, a homogeneous whole, 
must not be so far mistaken as to be supposed to recommend 
that cold, monotonous uniformity, which we occasionally meet 
with in oontinental cities, and too fraouentiy in our own. Yet, 
too great a variety of treatment should not| I think, be indulged 
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in. I have however already on a former oooasion yentored to 
express this opinion, I will not therefore farther insist on it 

Widelj difierent are the oircamstanoes attending mral archi- 
tectnre, surroonded by the endless variety of natural objects, 
where thoee with which our work is in contact, or in the imme- 
diate proximity of which our building stands, are broken into 
many parts and into various altitudes. To group well and to 
amalgamate agreeably with such forms, a building must not be 
marked by too great severity of aspect; it should be broken and 
somewhat diversified in form and chiaroscuro. 

This is the sentiment that seems constantly to have influenced 
the best masters, not of the a^ only to which I have this 
evening been particulariy refemnff, but of every age when ac- 
complished architects have existed. Look, for example, at the 
Villa de Medici at Rome, attributed in great part at least to 
Michael Angelo. The front next the city, where it is placed 
formally in the presence of other buildings, presents a somewhat 
plaiu, uniform, and pefectly symmetrical design; whilst the rear 
of the very same building, where the fa^e is surrounded by 
the varied accompaniments of ornamental gardeniilff, parterres, 
fountains, terraces, and the like, assumes a totally different cha- 
racter; its outlines seem to relax into the picturesque and irre- 
fular. So that beautiful villa in the vicinity of Rome, well 
nown to all who have visited that city — the Villa Doria Pamfili. 
Abounding in sculpture of the most rich and elegant character, 
it seems to be in perfect harmony with the smiling gardens 
with which it is associated; so harmonious indeed that the 
edifice ap|)ear8 to grow imperceptibly out of the tenaoes which 
surround it, and one can hardly define where the domain of the 
gardener ends and that oi the architect begins. Compare this 
villa, its broken outlines and varied heights, with the palaces 
of the best masters in the adjacent city, such as the Palazzo 
Famese, and others that might be readily named, and you will 
see in the latter dignified masses of architecture with unbroken 
outlines, generally of uniform height, and always great modera- 
tion in the use of ornament. Look too at the Villa Pia, by Pirro 
Ligorio, a contemporary of Michael Angelo; the light and grace- 
ful building scatters itself, as it were, over the gardens of the 
Belvedere, in the fireest and most fontastic manner; while the 
same artist when he designed the Palazzo Lancelotti, at no 
great distance off, but in the streets of Rome, produced a simple, 
grave, uniform, and almost heavy structure. 

But evidences of the systematic adherence to this principle 
of design crowd upon our recollection among the works of the 
most eminent in. tne age of which we are speaking. Palladio 
adorned the cities of the North of Italy with buildings that have 
ever since been the types of architectural beauty; but I re- 
member not one example of a strictly civic building of his 
design that does not, with all its elegance and refinement, pre- 
serve a somewhat subdued, dignified, and decorous tone, marked 
by the uniformity and simplicity of its general lines; whilst the 
same architect, when relieved from the resirant apparently im- 
posed on his pencil by the publicity as it were of the site, will 
never fail to be found to relax into a freer and more playful 
design. I need hardly do more than remind you of the graceful 
Villa Capri, on the banks of the Brenta, those banks so rich in 
examples of that fine taste which distinguished Italian art in 
the earlier half of the sixteenth century, yet abounding also, it 
must be owned, in architectural capriicioi of a very different 
character of a later date. 

When adverting to the excellence of the masters at this aus- 
picious period, it behoves me not wholly to omit certain other 
illustrious names. Among the immediate followers of Raffaelle, 
none I think deserves our regard more than Giulio Romano. 
He was one of the master spirits of that remarkable age. 
Whether as an engineer engagedf on the drainage of the marshes 
of the Po and the Mincio; or as a painter at the verv highest 
powers, and endowed, in the opinion of Sir Joshua Reynolds, 
with a poetic genius beyond that of any painter before or since; 
or as an architect, the designer of the Villa Madama at Rome, 
and of the Palazzo del T at Mantua, — in whatever light we 
view him we must place him in the first rank of thoee who by 
their works have bequeathed to us important lessons in our art. 
As aixshitect only I presume to speak of him here; and as such 
certainly he was fUly worthy of his great master Ra&elle, and 
df the period at which he lived. To the Mantuan palace I 
would point as a striking illustration of the principle of design 
to which I have been adverting. With all its elegance nothing 
can well exceed the eztreme nmplioi^ of the azterior oi that 



building, although built for the personal enjoyment and under 
the eye of a prince devotedly fond of art, and with the oommand 
of abundant means, Giulio Romano has lavished on his work 
no pompous Corinthian display; he has indulged in no super- 
fluities of friezes, festoons, and foliage. There is not, in &cty 
a single column in the whole building, although it is true we see 
on every inch of surface ample evidence of the nicest taste, and 
of infinite painstaking in the adjustment of the proportions of 
each individual part as well as of the whole. Such is the dia- 
meter of the exterior. It would difficult to form an adequate 
conception of the obloquy that would be the fate of any mistaken 
individual who in these days of masonic floriculture would dare 
to erect so plain a building in Hyde-park. Poor, tame,, beayy, 
barren, cold, dry, &c., such are a few of the adjectives that would 
be coutumeliously assigned to the unhappy artist by the current 
criticism of the day. Sndi however is the character of the exte- 
rior which Qiulio Romano, the &vourite pupil of Raffi^Ue, 
thought proper to give to the outside of nis royal master's 
palace. But enter that palace, and you will there find the poetic 
genius of the artist in ail its radiance; the richest display of all 
the three sister arts in happiest combination and in most gene- 
rous abundance. 

It might seem superfluous to dwell so much in detail on a 
principle the propriety of which appears too obvious to need 
enforcing, but he must be little versed in the erring tendencies 
of our ar^ and in the eccentricities of her votaries, who will not 
admit but too readily that the principle I urge has been far too 
often deplorably overlooked. Mow often do we meet in situa- 
tions ot the most romantic beauty with buildings of that 
Boeotian age of English ardiitecture, the latter part of the last 
century, whose plain, heavy, cubical masses too truly deserve 
the ridicule of Uvedale Price, who likens to a "a huge clump of 
bricks ** their ungainly shape, "if shape it may be culed which 
shape hath none." How often too may we encounter, in the 
very heart of our soot-begrimed towns, some tawdry piece of 
affected jncturesouenesa^ obtruding itself on us like an ill-timed 
joke, jarring on tne feelings, and out of tune with the tone of the 
mind. 

Having now touched upon the merits of some few of the most 
distinguished amons the worthies of the earlier part of the 
sixteenth century, I have but little time left to review the merits 
of those artbts who illustrated the remainder of the century. 
Indeed, to do even the scantiest justice to that brilliant epoch 
we need a long course of lectures, and what is far more import- 
ant, a long course of study. It is a singular fact in the histonr 
of our art that, limiting our view to the period of modem civih- 
sation, nearly all that is excellent in architecture will be found 
to be centred within about a hundred years, dating from the 
latter end of the fifteenth to the latter end of the sixteenth cen- 
tury, and that, too, within very narrow geographical limits — 
namely, the northern and central parts of the Italian peninsula. 
No doubt within that period works of great merit and genius 
may be found outside those gec^rraphictd limits; but they will 
prove on examination to be for the most part but weak and infe- 
rior emanations from the real active centre to which I have 
referred. Italy was in &et the sdiool of art for all Europe, and 
whatever was fine at that period in France, Germany, and I 
believe I may add Spain, may be traced to an Italian origin, for 
Italian artists scattered themselves over those countries, or by 
their teaching and example influenced the progress of art there. 
Of course I here speak not of our own country, for we had then 
hardly emerged from Mediaevalism, and our art then formed part 
of a totally difierent (^de, and belonged to another civilisation. 

In stating that the culminating period of what we call by the 
borrowed term "the Renaissance,'^ extends from the latter part 
of the fifteenth century to the latter part of the sixteenth cen- 
tury, I would observe that even within those hundred years it is 
by no means to be asserted that an eoually sustained excellence 
prevailed. For whilst in the north of Italy, Palladio, Sansovino, 
and others nobly sustained the character of their art^ the Roman 
school certainly deteriorated within that period. 

Michael Angelo was beyond any question whatever one of the 
greatest artists the world has yet known, and it seems almoet 
profane to utter a single derogatory syllable respecting him, 
especially within these wall& where his transcendent merits 
have been so often recognised and proclaimed; yet truth, or at 
least what I honestly beueve to be the truth, obliges me to say. 
that the intense vigour and potent genius of Michael Angelo lea 
him to set examplM whi^ did in fi^ through his numerous and 
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ktft-gifted imitators, very aerioiuly debase the Boman school of 
axduteetare. 

In the earlier, purer days eveir form had its mechanical pur- 
pose^ and every stone its special use, and even every ornament 
was but an emphasized stone. In the works of Bramante, and 
Bafl^Ue, and Giulio Bomano, the removal of a single ornament 
would have been a manifest mutilation of the building; whereas 
in the works of the later masters ornament became a miundancy 
—an object that would seem to be capable of being plucked away 
or hacked off without any concern to the febric itself. These 
decorative adiuncts were, I am most ready to admit, often very 
beauliful works in themselves, but their individual beauty is no 
justification of them when improperly placed, or when used for 
the unworthy purpose of winning applause for their novelty 
alone or for their fine execution. 

A learned divine of the last century, speaking as a literary 
censor, says, " Vicious examples are most noxious when set off 
and recommended by the charms of oratory and poetry; as some 
poisonous plants growing on a mountain in China are said to kill 
only when they are in flower." So was it with the seductive 
embellishments of artists who, heedless of the simple habits of 
tiieir predecessors, cultivated a noxious exuberance of ornament; 
degenerating from plenty into excess, from lentimate indulgence 
into a sort of aesthetic inebriety; wholly forgetting that the 
highest art and the most commanding powers must submit to be 
subject to the guidance of reason and good sense. 

It is therefore that I have on this occasion held out for your 
special consideration and study the works of the distingaished 
men of those better times to which I refer. I would recommend 
to you to ascertain exactly wherein their merits appeared to lie, 
and what were their faults. Consider well how the peculiarities 
of each master^s style arose out of the circumstances of the time 
when he lived, or from the climate under which he worked, or 
from some other local circumstances; and however much you 
may admire or even reverence his style, think how far it suits 
our modem English wants before you adopt any portion of it as 
your own. 

I know some very transcendental critics may say, "Why adopt 
any other man's ideas ? Scorn rather to repeat that which has 
been done, and let every idea that you embody in brick and 
stone be your own original conception, the ofispring of your own 
pure invention." Sudi advice would be founded on a theory 
most attractive and exalted; but it is a theory which I should 
fear to recommend here for your unrestrained, unqualified adop* 
tion. ^ Some of the most atrocious sins in our art have been 
committed under the influence of this seductive and dangerous 
theory. ^ Under the flattering term of invention men have in- 
dulged in the vainest conceits, and have perpetuated in stone 
some of the most ridiculous errors. I feel it to be my doty, at 
the risk perhaps of being charged with timidity and want of 
viffour, to advise the young student not to allow his ambition to 
seduce him into abortive attempts at novelty. 

An eminent writer of the seventeenth century says with much 
point— >"A man coins not a new word without some peril, and 
less fruit; for if it happen to be received the praise is but mode- 
rate, if refused the scorn is assured." It is in truth the privilege 
only of the hiffhest genius to venture upon deliberate innovations 
upon established modes of expression, or to add to his native 
vocabulary; and the ordinary student would do wisely to confine 
himself to that which has received the sanction of time. 
^ Such, too, are the risks run by him who without the utmost 
circumspection would venture to coin new forms and arrange- 
ments of architecture. Nor am I imposing on him any severe 
restraint A wide field still lies open before him for the exercise 
of his imagination, and for the production of beauty and grandeur. 
He may find his ingenuity sufficiently taxed in doing that well, 
without even attempting to mount into the higher regions of 
imagination. To torment his brain by spasmodic attempts at 
novelty, when the result of that effort is perhaps but to do what 
might just as well have been done by ordinaiy means, is like a 
man who would prefer tu lose himself in the tansled forest rather 
than submit to pursue the path that is straight before him. 

I^t the student then and the younger practitioner beware lest 
he be led into danger and difficulties in the pursuit of so unsafe 
an object— so treacherous an ij^ fatuus as mere novelty. The 
good general is he who, in preparing for an engagement, begins 
by making himself thoroughly acquainted with his fighting* 
ground, — who ascertains his weak points and strengthens them, 
and secures his ground by first making himself intimately ac- 



quainted with its capabilities. Such I apprehend would be his 
surest way of effectmg a permanent and safe advance and of 
securing ultimate triumphs; and such I apprehend is the trpe of 
that process by which in our art real progress may be made and 
her true interests promoted. 

Above all things, enter into no sectarian views: do not confine 
your studies to Uie narrow limits of a special period or style. 
Were a man to open a book in one place only, and after thumbing 
and dog's-earing the one page to leave the rest uncared for and 
unread, his protit would be small, and his knowledge of the book 
extremely limited. The great volume of our art must be read 
with no such paraimony of labour; for no deep and compendious 
knowledge of the subject of that vcdume will be acquired without 
a diligent, impartial, painstaking study of all its pages. 



THE THUL GHAUT INCLINE ON THE GBEAT 
INDIAN PENINSULA BAILWAY. 

This great undertaking, and its predecessor on the same rail- 
way, the Bhore Ohaut incline, are rendered especially interesting 
by their magnitude, practical characteristics, and by the fact that 
the^ are situated in a country where, with all the advantages of the 
national enterprise and government support of England, success, 
economy, and despatch were dependent upon the resources of a 
foreign and distant land. 

The Thul Ghaut indine was described by Mr. Jas. J. Berkley, 
chief resident engineer of the Great Indian Peninsula Bailway, 
in an address delivered to the membera of the Bombay Mechanics' 
Institution, in December last. A paper on the Bhore Ghaut 
Incline by the same author was read before that institution three 
yeara since, a report of which will be found at page 247, vul. xxi. 
of this JoumaL Mr. Berkley mentions some of uie peculiar fea- 
tures in which both a resemblance and a contrast may be traced 
between these two inclines. He says-* 

*' Both of them ascend the same chain of mountains, in which 
the geological formation is similar. The altitudes of the two 
Ghauts closely correspond; the summit of the Bhore Ghaut 
incline being 2027 feet, and that of the Thul Ghaut 1912 feet 
above the sea. Both of the ascents are effected in pi-oximit^ to 
the public mail roads. The maximum gradient of both inclmes 
is the same, being 1 in 37. The extreme curvature is almost 
identical, that of the Bhore Ghaut being 15 chains, and of the 
Thul 17 chains radius. The character cf the incline has in each 
case been improved by the adoption of the same contrivance of 
a revereing station, and under singularly parallel circumstances. 
The same description of permanent way is being adopted for 
them both. In local peculiarities we find the same difficulty 
in procuring a due supply of water for our labourera and works. 

The points of variance between the two inclines are numerous 
and remarkable. It is true that they traverae the same chain of 
mountains, yet the clue to the laying out of the railway in each 
case was as different as can well be conceived. For instance, 
at the Bhore Ghaut the course of the great ravine of the river 
Oolassa defined the general route of our railway ascent from 
the base to the summit; whereas at the Thul Ghaut the acci- 
dental existence of the Koshen, Lara, and Mussoba Khinds, or 
passes through the hills, were our principal guide to the selec- 
tion of the line we are constructing. They are cut through the 
same geological formation; but upon the Bhore Ghaut we fre- 

3uently find the mountains precipitously scarped, and have to 
eal with deep faces of bare rock. Not so upon the Thul, for 
the physical contour of the hills generally presents an undulating 
surface, and the rock is covered with a thick superatratum of 
moorum and boulders, so that it is only for short lengths near 
the summit that an escarpment is encountered. In the tunnels 
of the Bhore Ghaut incline we have certainly exposed several 
varieties of trap-rock with which our geologists are familiar; 
but in the estimation of a miner they are invariably hard. The 
circumstances of the Thul Ghaut tunnels are of a very different 
nature; for there we have to deal with extremes of hardness, 
earthiness, dr3meas, and a copious flow of water. 

The altitudes of the two Ghauts above the sea are very nearly 
equal upon both ascents; yet the height to be surmounted by the 
Thul incline proper is only 972 feet as compared with 1831 feet 
upon the Bhore. This great disparity in the height of the 
inclines arises &om a remarkable variaHon in tlie physical geo- 
graphy of the two districts; for while at the Bhore Ghaut the 
mountain spur abruptly terminates at a distance in a straight 
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line of only 11 miles from the crest of the main nnge, that nnon 
which the north-eastern extension has been laid oot stret<uies 
for 30 miles westward into the Conoan, and ends in scattered 
hills within a short distance of the seashore. Although a pnblie 
road exists in the vicinity of both Ghants, they affoni very un- 
equal fitcilities to onr worfca The Shore Ghant road is steep, 
tortnons, and ill-made; nor does it tonch npon the line, or yield 
ns any accommodation, except on its near approach to E!han- 
dalla. On the other hand the Thnl Ghaut road is a master- 
piece of enffineering, and is in no part distant fW>m the railway 
works. Indeed for 7 oat of 9^ miles it lies within a stone^s-throw 
of them. It has been oompiulsoiy to adopt the same maximum 
gradient of 1 in 37 along a portion of both inclines, yet at the 
Thul Ghaut we have Iwen able to flatten the plane to a very 
considerable degree for a distance of nearly one-third the ascent. 
Upon the Bhore Ghaut we have derived some advantages from 
the station of Khandalla, with its bazaar and water supply; 
while in the vicinity of the Thul Ghaut the villages are small 
and remote. Egutpoora, and especially Kussarah, have how- 
ever greatly increased, and appear at the preeent time to be 
reaping the benefits of our works by a thriving trade. Both of 
the inclines possess the peculiarity of presenting upon their se<^ 
tion an enormous mass of heavy work; and although in this 
respect the magnitude of the Bhore Ghaut incline very far sur- 
paflses that of the Thul, vet we have been compelled upon the 
latter to design works of grauder dimensions; and its longest 
tunnel and viaduct exceed anything to be met with on the Bhore 
Ghaut section. Indeed, the unusual proportions of the Eheganm 
viaduct have driven us to another distinguishing expedient, in 
the adoption of iron girders of 150 feet span, instead of the stone 
arches which it has been our practice to build at the Bhore 
Ghaut 

There is one other discrepancy of practical importance. It is 
the fact of the railway having been opened to the foot of the 
Bhore Ghaut incline at the eommencement of the works; whereas 
upon the Thul Ghaut we have had for the last three years to 
lahour at the haulage of our heavy materials along an indifferent 
road from Wassind to Kussarah. This description will serve to 
show that, while in some general points the two inclines are 
strictly analogous, they display many essential and peculiar 
features which materially distinguish them in their scientific 
aspects, as well as in regard to construction and to the working 
properties of the railway .*' 

The author describes the lonff preliminary operations in design- 
ing, and establishing the merits of, the Thul Ghaut incline, and 
the official debys and difficulties which had to be dealt with in 
connection with the Thul Ghaut project; and then proceeds to 
describe the works themselves. 

'^The railway indine now constructing at the Thul Ghaut 
commences upon the left bank of the Rotunda Nullah, near the 
Bombay and Agra road, and proceeds over some heavy ground 
with one tunnel, through the Lara Khind to the Man&sheyt 
Nullah, which it crosses by means of a large viaduct It then 
perforates a high spur of the mountains by a long tunnel. 
Emerging from this it passes over two rocky ravmes, and 
through the intervening ridge by a tunnel. It thence ascends 
along the flank of the hills which overhans the village of Kuasara, 
and spanning the Kussara Nullah by a viaduct, crosses the Thul 
Ghaut road below the toll-house, and enten upon the site 
selected for the reversing station, between the mail road and 
the Paithur Nullah. The reveraing station is very similar in its 
engineering and physical characteristics to that of the Bhore 
Ghaut. From the reversing station the line strikes out at an 
acute angle through the Mussoba Khind, and rises by a curvili- 
neal route along 9ie northern flank of the lofty mountain called 
* Beulah,' the spun and ravines of which have necessitated the 
construction of several tunnels and two viaducts. Alter leaving 
our longest tunnel the incline cr os se s the enormous goi*ge at the 
head of the Ehegaum Nullah bv a viaduct of extreme dimen- 
sions; and, thtveraing very rougK ground by means of high em- 
bankments and two tunnels, it entera neariy at right an«des 
the spur up which runs the old Ghaut road. With anottier 
tunnel through this hill it reaches the left bank of the Beena 
Nullah, which it crosses and recrossee by two bridges, and then 
ascends to the summit upon the open level ground dose to the 
mail road on the western side of the villiupe of Esutpoora. This 
indine is 9 miles 26 chaiM long; the levefof its base is 940 feet^ 
and of its summit 1918 feet above high-water mark in Bombay, 
so that its total altitude is 972 feet Its average gradient is 



consequently 1 in 56^ that ef the Bhore Ghant being 1 in 4& 
The gradients^ which are all ascending, are as follows>~ 
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The works consist of 13 tunnels, of an aggregate length of 
2652 yards, and of the following respective lengths: — 

Taxds. 
Tunnd No. 1 
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Tunnd No. 8 
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So that upon the Ghaut indines we are at present making as 
many as 38 tunnels. 
There are six viaducts^ of the following dimendons: — 

Tsrda feet 

Viaduct No. 1 66 long 90 high. 

2 148 „ 84 „ 

8 ... ... ... ... 66 „ 87 „ 

4 ... ... ... ... 66 „ 90 „ 

5 250 „ 200 „ 

6 150 „ 60 „ 

The total quantity of cutting amounts to 1,241,000 cubic yards. 
The greatest depth of cutting is 60 feet, and the largest cuttings 
contain — 

Cuttmg No. 1 58,000 cubic yards. 

e 40,000 

The quantity of embankment amounts to 1,245,000 cubic yards. 
Thdr maximum height is 90 feet^ and the heaviest embankments 
contain — 

Embankment No. 4 190,000 cubic yards. 

„ 6 90,000 „ 

„ 18 220,000 „ 

These details of the earthwork will be liable to alteration 
during construction, in order to provide for the security of the 
line by flatter dopes wherever the material ma;^ prove to be of 
a soft or treacheroQs nature. There are 16 bndges, of various 
spans from 7 to 30 feet, and 62 culverts. 

The estimated cost of this indine is about ^£45,000 per mile^ 
and its completion has been contracted for on the 31st May, 
186a The probable cost of the Bhore Ghaut will be about 
^46^000 per mile. This presents oondudve evidence that mile 
for mile the works of the Thul Ghaut are nearly as extendve 
as those of its formidable rival. The tunnels all contain trap- 
rock, and the two near the bottom of the incline consist throuffn- 
out of basalt of the hardest description. Of these, the Manda- 
sheyt tunnel, 490 ^rds long, deserves more particular notice. 
The process of UasUng the basalt which it contains was so slow, 
that it has been neoessarv, at oondderable cost, to sink two 
shafts; and as these are charged with water during six months 
of the year, we find our operations encumbered not only with 
the difficulties of mining such extremely hard rock, for which 
sted drills are used, but also with the contingency of pumping. 
It is probably npon this work that the completion of the indine 
will ultimately depend; and situated as it is near the foot of 
the GhautSy and attended with every disadvantage, it will call 
for the utmost exertious and perseverance to accomplish in dua 
time that important object The only other tnnnd upon which 
I shall offer any observation is the long one near the middle of 
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the iDcUne. Its great length formerly led us to regard it aa 
the key to the opemng of a railway ooDununication up the Ghaut; 
but oa proceeding with our mining operations we fortunately 
discovered that the mass of the hill couaiated of rock of a favour- 
able nature; and the conBequence haa heen that, although the 
work was not begun until March 1859, we have already carried 
n heading through 258 lineal yards, or about five-ninths of the 
total length of the tunnel, in one year and a half. No progresa 
which we have hitherto attained has equalled the rapidity 
with which this tunnel has been executed; so yon see a prize 
m^ be drawn even in the lottery of Ghaut contingencies, 

Of the six viftductw there are three which speciatly invite at- 
tention. The Mandaaheyt viaduct, at the entrance to the tuonel 
of that name^ ia a large stnictTire, already in a very forward state. 
The great viaduct over the Ehegaum raviue ia believed to be 
the highejtt viaduct that has been designed in India. The level 
of the railway is 188 feet above the aurfeice of the groyndi and 
aa we have a depth of upwards of 20 feet to excavate for good 
foundations, the two central piers will be 200 feet high. The 
iron girders will be on Warren's principle, and 150 feet in epan 
from end to end. One practical difficulty which lies before ns is 
the lifting the girders from the bottom of the raviue to their 
resting place upon the tops of those lofty piers. The difficulty 
of the problem consists not so moch in the weight of the girders 
(each of which may be calculated at about 32 tons), but in the 
following peculiarities: — that the triangular girders, strong as 
they are when framed complete for sustaining a vertical pres- 
sure, are laterally very weak; and that the ends of the girders, 
which are to bear upon the piers and abutments, must be carried 
up thro\igh recesseij in the maaonry. To obviate the iniraiuent 
risk of damage to the girders from lateral motion while they are 
being lifted separately so great a height as 20<> feet, we have 
made our arrangements for hoisting them in pairs, so that they 
may be stiffened by those connecting parts which are intended 
to steady them when the permanent road is laid. To lift them 
in nairs, as we propose to do, will retjuire a recess 8 ft, 6 in. wide 
ana 4 feet deep in each side of the piers, from the surface of the 
ground to the bed of the girders; and you will thus observe that 
the design of the piers, themselves of that enormous height, 
hfts demanded careful study. The plan we have adopted is to 
build a rectangular pier 16 ft. 6 in, thick, with two counterforts 
at each corner of the recesses. By this means we have not only 
strengthened that part of the pier which would be endangered 
by the existence of the recesses, but without adding materially 
to the quantity of masonry we have increased the steadiness 
and stability of the whole structure by widening its base. The 
lifting power to be employed might consist either of crabs or 
screws, but as the motion of the screw is so smooth and its 
action so regular, we intend to use it for hoisting, and crabs for 
securing the girders against any accidents in the process. The 
screw will be placed upon the top of the pier, and immediately 
over the recess. From it will be auapended strong iron links, 
each several feet in length, down to the top table of the girdei*8; 
the lifting will then commence^ and aa the gii^ers ascend they 
will be propped from stage to stage, and the links be succes- 
sively disconnected as the girders riae in pairs towards their 
bed upon the viaduct. Should any casualty happen in the per- 
formance of this operation, we shall be prepared with craba and 
derricks and atrong chains to keep a constant hold of the girders, 
and thus prevent any fall or jerk while they are suspended on 
the lift. The present condition of this stupendous work is 
already worthy of examination, from the admirable arrange- 
ments which the contractors (l^Iessrs. Wythes and Jackson) have 
made for its execution, and in which the peculiar form of the 
great ravine has afforded them extraordinary facilities. As it 
advances, the proximity of this oolossal viaduct to the public 
road» the magnitude of its dimeusiona, and the peculiarity of its 
design, will no doubt be deemed by many travellers a sufficient 
inducement to pay a visit to the scene of operations^ and the 
viaduct will I trust, when finished, with its iron superstructure 
and its lofty piers, be no unworthy memorial of the bold enter- 
prise and practical skill of our countrymen, as well aa of the ex- 
cellent materials and industrial classes of India* 

The last viaduct to be here noticed is that situated at the 
upper end of the tunnel under the old Thul Ghaut road; and 
although its design presents no peculiar feature, ita position is 
remarkable, for it wUl stand upon a rock scarp overhanging the 
gorge of the Beena Nullah, the piers and abutmeiita being 
notched and bedded into the rock eecarpment. 



Id the earthwork there is little to claim attention, except the 
mode by which large quantities of materials are tipped into 
such hi^h embankments as those three which are near the base 
and middle of the incline. The material of which they are made 
has to be procured from the bottoms and sides ot the adjacent 
hills at suitable and various levels; and from the faces where 
these side cuttings are excavated, temporary waggon -tram ways 
are laid to the embankment. In one oi the large embankments 
there are twenty^seven, and in another sixteen^ ditferent tines of 
tramway in daily use for the conveyance of the earth. The 
lofty embankment above the reversing station is likewise re- 
markable, for it will have to be made in such a manner as to 
carry two double lines of railway, one of which will stand 
at an extreme height of 51 feet above the other. It will also 
present another peculiarity, for the lower line upon one side 
of the embankment wil} ascend towards the reversing station, 
while the upper line will rise rapidly away from it. The 
large viaduct which spans the publio road a o nailer of a mile 
above the toll-house, upon the Bhore Ghaut incline, corresponds 
by a close analogy ofposition with the embankment now beiug 
described upon the Thul Ghaut incline; and it may therefore 
be well to explain the reason why in one case a viaduct should 
have been desired, while in the other the object ia effected by 
earthwork. At the Bhore Ghaut the railway at that point 
stands upon the narrow crest of a hill, aud if an embankment 
had been made its slopes would have descended the mountain 
sides to an enormous depth, and ita stability have been con- 
stantly endangered. Upon the Thul Ghaut on the contrary, the 
two lines, which are in close contiguity on emerging from the 
reversing station, pass over a nearly Ipvel plot of ground, afford- 
ing a saS and firm basement for the Imnk, We have therefore 
economically adopted that course which would on the Bhore 
Ghaut have been attended with ao much damage to the perma* 
nent safety of the incline. 

In my previous paper on the Bhore Ghaut incline Edlusion 
WES made to the extensive slips which were apprehended upon 
the slopes of its cuttings; and in thai respect the works of the 
Thul Ghaut present the same demand upon the vigilance and 
precautions of our eogineera. To anyone not conversant with the 
details of the works, the appearance of these casualties would no 
doubt give rise to serious misgivings oonoeming the ultimate 
security of portions of the railway; out we who are engaged in 
these extensive operations have the ground constantly before our 
eyes, and its every movement becomes familiar to us. The prac- 
tice and experience of several years, and the instructive effects 
of our heavy monsoons, will enable us to overcome the contin- 
gencies of the Ghaut hill-sides with complete success. 

If I now give the names of my colleagues in the engineering 
department of the undertaking, who have taken part in our 
operations, it may give some idea of the great amount of profes- 
sional labour that has been bestowed upon a section of only 
9| miles of railway. They ar^ Mejisrs, Ker, Graliam, Darke, 
W. J. Wright (deceased), Inglia^ Sanderson, Butt, Gale, Winter- 
inghain, Dickenson, A. A, West^ Tate, F. A. Hawkea, Teasdale> 
Dangerfield, O'Brien, Cameron, Thompson, and Pocock." 

A just tribute to the memory of liibert Stephenson follows, • 
pointing out how greatly India is indebted to hint for the exer- 
cise of bis great professional weight in obtaining the introduction 
of railways into that country; and in which we heartily concur. 
Mr. Berkley savs — 

" But above all, there is one element of our unity and strength, 
one talisman of our success, in the great name of Stephenson! This 
is the first and a very appropriate occasion for me publicly to 
declare how much the railway system of Western India owes to 
our late consulting engineer. It was mainly upon the favour- 
able report of Hobert Stephenson that the government resolved 
to take the bold step of introducing railways into this country* 
They were then regarded merely as experimental, and strange 
notions had been formed of their incompuibility with the means 
and habits of the people; yet, encouraged by liis opinion, the 
ffoverument of the day entered into that contract with the Great 
Indian Peninsula Bailway Company which has formed the basia 
of our Bubaequent proceedings. It was Robert Stephenson who > 
created the large professional establiahment by which our {lesigna 
and works are being accomplished* He it was who, with the 
able aid of George Berkley, our present consulting engineeri 
adopted and procured those vast supplies of mechanical appli* 
auces which the British Islands have contributed to our wants. 
By his inffuenoe, and the shelter of his prestige, we were enabled 
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to find emioeiit oontmctors to undertake the executioa of oiur 
extendi ve work^j &nd it iwils to hia couocit the goverDineDt ap- 
peiUed with confidence in any doubt or difficult j that beset the 
prosecution of oar pLma. Me indeed has been the one great 
Dond that htm cemented all the practical members of the execu- 
tive of thifl immeuae concern, just as his experience and example, 
Bod tboae of his diatlng:uiahed father, have constituted tbe prin- 
ciple of all oar desilgna and operationB, When I visited him last 
year he thoroughly acquainted himself with the details of our 
Ghaut inclines, and although I had previonslj felt consIJerable 
anxiety lest his long familiarity with works on a oale 

should lead him to entertain a lees llattering n; < u of 

our Ghaut ascents; yet, to my infinite delight, I dUcovered that 
he of all men was the one who formed the most accurate and 
generous conception of the magnitude and difficulty of those 
undertakiDg^ I deeply lament that he was not permitted to 
fulfil hia intention of visiting this Presidency; for while he 
would have witnessed for himself the progress of our works, 
86 vend public projects of Bombay would nave derived inesti* 
m&ble beneBt from his presence and advice. After a connec- 
tion of eleven years with Indian railways, and within a short 
periotl of the completion of our Ghaut inclines, I grieve to 
say that we can now no longer look for his influence to support, 
hia example to guide, his advice to help, or his approbation 
to animate us in our arduous labours. Still, if his loss be 
great to us who are oonducting merely one small section of the 
gv&Lt railway system of the age, how severely must it be felt 
throughout that wide range of public undertakings with which 
he was identified. Nor is it alone in conuection with his own 
works that we can form a just estimate of his claim upon the 
firatitude and admiration oi his country. His professional life 
displayed a powerful inventive intellect, a sound judgment, a 
clear perception and philosophical appreciation of £Eicts, a 
thorough knowledge of physical lawa, a strong grasp of science, 
which made it subservient to all the practical purposes of his 
essentiAlly useful project*?, and a strict regard for that wise eco- 
nomy which, aiming not solely at saving money, keeps expendi- 
ture in it& due proportion to every important feature of the 
echeme. These were undoubtedly preciooa gifts, but the influ- 
ence and position they acquired were strengthened by a noble 
disposition, which won for him the zeal and attachment of all 
whose agency was instrumental to his great designs, and the 
esteem of everyone with whom he was ansociated. All his 
dealings with men of business were characterised by fairness and 
generosity; and who can fail to admire that fine balance of mind 
which imparted to his decisions the accuracy of law, yet tem- 
pted them with the experience and sympathies of the man? 
Hb magnificent railways in all parts of the world, his colossal 
bridges — ^the Berwick, the Newcastle, the Victoria, and the 
Britannia, — these are lasting monuments of his ikme; but his 
greatest triumph was the establishment of a general and ackuow- 
Kdged principle of equity in the control of public works, which 
denve<i its force and prevalence from his iUustrioua career. It 
may be difficult for the present audience to attach this result to 
the practice and example of Robert Stephenson; but there are 
thoUBJinds in England who, from their own personal experience, 
will heartily concede that honour to his reputation. And let 
not the value of this principle be diaparaged. It has tended 
in A remarkable degree to aid public eDteri>riae, by commanding 
the extraordinary resources of capital; by extending the power- 
ful agency of the' contract system; by concentrating the skill and 
exertions of vast bodies of able men drawn from the working 
classes of England, and by establishing a feeling of confidence 
between them and their employent. If the progress of such 
rrand undertakings as have left oar age without a rival in the 
history of the civilised world is to be maintained, then the 
aterliDg principles of eouity, and the just appreciation of the 
tntereste of others, which contributed ao much to Stephenson's 
renown, must continue to be tbe guide of all who may succeed 
him in conducting them. I earnestly hope, that ao long as those 
tunnels which we are now piercing through the 'everlasting hills,' 
■o long as those massive structures which are now upreariug 
their lofty forms in the ravines and depressions of our Western 
Ohauts, shall endure, the honoured names of George and Robert 
phenaon maybe remembered in this distant region, which 
[ asBuredlj prosper, even as their native land has prospered^ 
by their gemus.** 



NOTES ON THE NATITBE AND ACTION OF STEAM 
IN RELATION TO BOILER EXPLOSIONS, 

At a meeting of the Literary and Philosophical Society, at 
Manchester, on the 2nd ult, a pnper entitled as above wa» 
read by Mr. J. 0. Dter, the vice-president, in which he stated 
that several essays on boiler explosions bad lately appeared, 
wherein discordant theories and opinions are offered on the 
action of steam in some anomalaus eases of explosion, and which 
may justify mferenoe to a few established facu and principles 
relating to the subject, in the hope in sach cases of arriving at 
more settled views concerning causes and e6Feeta than appear to 
prevail at present among our most distinguished engineers. The 
author objectetl to tbe appeals made to Dr. Dalton's theory of 
atoms for explaining the nature of steam as an elastic force 
mechanically employed, ainoe the law of definite proportions of 
Dalton had no reference to elastic vapours except u to the con- 
atituents of the liquors whence they arise. He then cited the 
fact tliat water, tike steam, is an elastic body, aod the pressare 
would therefore be of the same nature and force above and below 
the water-line in a boiler; but that explosions from fractures 
above or below that line would have diderent effects, owing to 
the amount of expansion of water and steam being so widely 
different when issuing fitim similar apertoree and under the 
8:ime prt?89ure. Many obscure cases of explosion would be 
explained by the more or less rapid {Feneration of steam issuing 
under those circumstances, as set forUi in the paper. Thus free 
wpaoif when suddenly and amply afforded, is to highly-heated 
water under great pressure nearly the same as fire is to gun- 
powder. And this will account for the most destmctive eases of 
Ixkiler explosions, whilst those of a more harmleae nature show 
that the fractures were small at first and then (gradually extended. 

He also objected to the term " superheated steam," ha being 
inapplicable to it in any state — because when steam is in oontiil 
with water it will be of the same temperature ns the water; asid 
if heatei apart from the water, the same laws of expansion by 
heat apply to steam as to air, and neither can be superheated^ 
though made very hot. 

Again, steam can never be " mixed up with the water" in a 
boiler when both are under the same statical pressure, and the 
steam formed will rise into the chamber, ao tbat the water will 
always be tn contact with the boiler except when steam is drawn 
off. Still, in rapid escapes it may drive out water, and become 
entangletl therewith, as in many explosions. 

It having been shown that most if not all explosions are oeea- 
sioned by simple steam-prcBSure acting on the weakest parte at 
first, and thence extending mosre or leas rapidly, it would seem 
needless to seek for any other cause or force to account for them; 
yet in some cases the effects appear to imply a more sudden and 
violent action, like that of explosive compounds. In snch in- 
stances, may they not arise from the actual decomposition of 
the water by heat alonei Although we have high authority 
(cited) against this, yet tbe author held it rash to conclude that 
water could not be resolved into ita cunstituent gaaes by direct 
action of heat from the boiler upon water pressed into contact 
with the metal plates. It has been proved long since^ that by 
heat, in the most intense form known to ub — ^that of electricity 
-^water is decomposed, and both of its eonslitaent cases are libe- 
rated. Therefore, since no evidence has been adduced to show 
that thi» does not take place in any water when so confined and 
hented, tbe afiinnative may at least be possible, and seems pro* 
bable in some instances, as befoi^ named. 

However, the author held it desirable that the qnestion should, 
if possible, be set at rest by experiment; and to this end a method 
was suggested for putting the matter to a direct test; but he 
might not be able to make the experiment himself, and hoped it 
might be done by some one more competent to the task. 



Electrui Light, — A first experiment was made a short time 
since, of illuminating the famous Falls of Scbaffhausen on the 
Rhine, 30 ^ards In height, by means of five electric lights: the 
effect is said to have been marvellous, especially when viewed 
through coloured glasses; the waves of the river resembled a aeft 
of fire. The experiment was instituted at the request of the 
directors of the Swiss Railroad Company, who propose to or»> 
nise a series of niffht fetes, of which this iUanunatioii will oe 
the greatest attraction, — Coimaa, 
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NOTES ON ROMANESQUE ART IN THE 
SOUTH OF FRANCE. 

By J. R Waring. 
(Condudtd from page 117.) 
I will now revert to a still earlier period of Christiaii art» at 
ezempHBed in the veiy important and interesting series of sar^ 
oophagi presenred in the Mosenm at Aries; dates are unfortn- 
nately wanting, and the names, which are Roman, though the 
persons were probably Gauls, afiford no aid; they may however 
oe generally assigned to between the third and sixth centuries: 
they are of the usual Roman sarcophagus shape, carved with 
subjects from the Old and New Testaments. Those most in 
vogue were the Saviour and the Apostles, sometimes in a con- 
tinuous row, sometimes separated by columns. Once here, and 
once at Narbonne, we find trees instead of columns, very taste- 
fully arran^, with birds in the foliage; the trees are apparently 
olive, the birds are doves. The miracles of the Saviour are also 
shown: these also are sometimes continuous, sometimes divided 
by oolonettes: in the centre is usually a female figure with hands 
outstretched, intended no doubt for Uie Virgin ^Ury. From the 
Old Testament we have mostly Moses striking the Rock, Pharaoh 
in the Red Sea, Daniel in the Lion's den, and the Sacrifice of 



The tomb of the Labarum is carved with the Twelve Apostles 
without divisions, a line of cloud passes behind their heads with 
stars, and over each head a lion*8 paw holds a wreath or crown: 
in the centre is a large wreath containing the monogram of the 
Saviour resting on a cross, with two doves; two soldiers koeel at 
the foot of the cross, one on each side: over the Apostles are two 
genii or angels supporting circular medallions containing a male 
and female bust, and again two geni holding an oblong tablet 
without an inscription. Each angle terminates in a large mask, 
the &cial line forming the angle. On one end is St. Jolin bap- 
tising, and on the other Moses striking the Rock. This tomb is 
known locally as that of Constantine, it not improbably belonged 
to his family, and we may conclude it to be a work of the second 
half of the fourth century. 

Sculpture is here seen founded on a good model, but some- 
what rough of execution and heavy in proportion; the faces 
are singularly h Pantique, some of the Apostles are also of the 
Jewish cast of the best kind. No nimbi occur in these, or in 
any other example (oxcept a very rough and unimportant one) 
in the collection. The dress consists of tunic and sandals; all 
the eyes have holes in the pupils, and generally also at the 
angle of the nose, to give expression. The whole character is 
strongly marked Roman; and though the heads are large, the 
bands clumsy, and the style conventional, yet there is a certain 
simplicity and nobleness about them by no means to be despised; 
some few of the heads are indeed first-rate, exhibiting such pecu- 
liarities as to lead one to conclude they are portraits At any 
rate, we find here a school of sculpture at an early Christian 
period; the best, I should say, then existing, and which ranks 
much above the stupid faces and lanky figures, the streaky 
hair and stiff drapery, the minute folds and jewelled borders, 
of sculptured art in the same district, which reached its bathos 
in the twelfth century. However tempting it is, I must not 
continue my meditation among the tombs, and will only add 
that at Narbonne, Toulouse, Lyons, Vienna, and Moissac we 
meet with numerous sarcophagi in which foliage and Christian 
emblems take the place of figures, which fell into disuse pro- 
bably from want of good sculptors; and yet it is curious to see 
how closely the same model conch-shell, columns, and figures 
were followed at a later period, t.0., the eleventh and twelfth 
centuries. 

No one should leave Aries without paying a visit to the 
ruined abbey of Montmajour. Not to speak of its situation- 
perched on a rocky island as it were, rising from the well- 
watered plain, encircled with the olive and laurustinus, capped 
by the frowning tower of defence and refuge — the palatial ruins 
of the Italian style and the gray sombre Romanesque abbey, with 
its dark, vast, mysterious crypt and sculptured cloister, these 
alone would well repay the walk; but besines these are the rock- 
cut church, of a most primitive and remarkable type, and the 
fnortuary chapel of the Uoly Cross. The latter was built in the 
earl^ part of the eleventh century, square on plan, with four 
aemiciroular apses and a western porch: the roof consists of a 
funnel-shaped dome: there are no openings for light; and when 



the concierge shuns the door violently a whole park of artillety 
seems to be discharged, echoing faintly away into solemn silence. 
With the exception of the baptistery at Pisa, it produces the 
most extraordinary reverberations I ever heard; and if Mr. 
Roger Smith is ever in that part I recommend it to his notice. 
The masonry of this building is a perfect model of execution. 
Proceeding from this to the primitive church, we remark the 
rock honeycombed in all directions with open graves, the former 
occupants of which in their simple devotion sought to be interred 
as near as possible to the holy cross. Vain however was the 
hope ! their resting-places are now bare, and their ashes are scat- 
tered to the wind; whilst the holy cross, if any true portion of it 
ever was there, served probably to light a fire in the revolution- 
ary troubles of the eighteenth century. Descending by steps in 
the rock we enter the narrow passage of the original church, and 
a few steps bring us to an oblong space with circular roof cut in 
the rock; on one side is a plain wmdow-opening, on the other two 
are stone graves, above wnich are cut two round-headed hollows 
or niches, now empfy. Beyond this portion is the church, divided 
into two aisles by columns: on one side are three round-headed 
windows, on the rock side is a long low stone seat: there is a 
small semicircular apse to one aisle, and in the other is an altar 
in the wall with an open space beneath, probably a place of 
interment. Passing beyond this, through a passage barely large 
enough to admit one person, we come to four separate apartmento, 
quite plain, with only one small light at the end of the passage, 
a curious rough stone chair by the window, two stone seats, and 
a soMcalled rock-cut bed. The round roof is formed by the rock 
itself, except in the chapel, whei*e it is built: it is in the chapel 
also that the only ornament is found, its style being probably 
that of the tenth or eleventh century. Tradition ascribes this 
rock-cut church, with its graves, altars, confessionals, stone seats, 
and sleeping apartment, to the saints of the early church at 
Aries, and more especially to St Csesaire, bishop of Aries in the 
sixth century; nor do I think but that its existence may date 
from that epoch, although probablv enlarged and ornamented 
at the time of the foundation of the great abbey in the early 
part of the eleventh century; for this curious monument of 
Christianity contains in itself on a small scale catacombs, chapel, 
hermitage, and place of refuge and defence, — ^the whole serving 
as a place of safety from the Goths and Saracens, who overran 
Aries in the seventh and eighth centuries, and bearing a marked 
analogy to the crypts or cubicula of the catacombs at Rome, 
which served as mortuary chapels and places of instruction for 
the catechumens, having stone benches for pupils and penitents, 
and stone chairs for teachers and confessors. The entire group 
of buildings here forms a most interesting study for the archa)o- 
logist and architect; and I hope if any member of the Institute 
visit Aries he may be enabled to devote a few days to their 
pictorial and descriptive study. 

Nor must we leave this district without sajring a few words 
about the curious medieeval village or town of I^ Baux. The 
traveller leaves Tarascou by omnibus for St Remy, and must 
wend thence about ten miles en vaiture to Les Baux. As regards 
pioturesqueness, nothing can exceed it A fortified town perched 
on the natural fortification of a rugged rock, and surrounded in 
all directions by upheaved granitic masses, it is the ideal of a 
robber knight's eyrie. Its value however to the antiquary has 
been much overrated, for except the ruined castle and hall, 
which appear to belong to the thirteenth century, most of the 
remains bearing anv impress of architectural art are of the six- 
teenth century. The rock-cut houses, which may belong to any 
period, and are of the rudest arrangement, form the most curious 
and striking feature of the locality. They are however auite 
plain, with the exception of a few ruined chimney-pieces of the 
fourteenth and fifteenth centuries. A curious columbarium, or 
pigeon and dove cote — that necessary larder of live stock for the 
oesieged — formed by numerous holes partly cut in the rock and 
partly built, still remains. 

The only Romanesque remains at Nismes are to be found in 
the cathedral &9ad& and at a house on the Place: of the former 
very little remains, but what there is exhibits a close following 
of a Roman model, with frieze and pediment, not often seen even 
in this last home of Roman architecture. The frieze, very roughly 
executed, illustrates the first books of the Old Testament, com- 
mencing with the Serpent twined round the Tree of Knowledge; 
on one side Eve, whom he addresses, on the other Adam, who 
seeks to hide his nakedness: this combination of different points 
in one story is common with the early artists. The next subject 
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ia defiieed.' In the third, Adam and Eve are hiding themielyea 
in trees, their basts onlj being seen, and the Lord addreeeee 
them. We then have the Expulsion; the Offerings of Cain and 
Abel; the Muider of Abel; Noah and the Ark; Lot and his 
Sons, and so on: all these subjects being continuous, as in the 
early Christian tombs. This fact, and the general character of 
the figures and drapery, lead me to conclude them to be of a very 
early date. We in England and the north of France have been 
perhaps too apt to fix on the first half of the eleventh oenturpr as 
constitutiDg a clear line of demarcation in the history of architec- 
tural and sculptural art It was so witli us, no doubt, in a great 
measure, bat in the south the course of art was more even; and 
in this particular example I think we may discern one of the 
earliest efforts of native artists at constituting a style founded on 
the models left them by the Bomans, and which finally received a 
peculiar character from its combination with the semicircular 
arch, which we remark also on this fjEt^ade on a small scale, and 
quite devoid of moulding or other ornament The base of this 
cathedral appears to have had also a large frieze, on which some 
remains seem to indicate the form of the griffin, but all the rest 
of the buiidiug is too mutilated or altered to admit of investiga- 
tion. What remains of the house, which was no doubt the 
bishop's palace, shows some very |;ood sculpture, which is so 
essentially similar in style and subjects to certain parts of the 
church of St Gilles (circa 1090) that we may ascribe it to the 
same period. 

I am happy to say that M. Bevoil, the government architect 
at Nismes, is engaged in publishing a work, with carefully 
measured drawings and witn letterpi*ess, on these monuments 
of Bomanesque architecture in the south of France, which I 
venture to recommend to the notice of the Institute. No com- 
plicated B^'stem of construction is to be found in these buildings: 
the semicircular arch and dome in various combinations give, in 
this respect, its only claim to anything like science; and these 
are frequently heavy, and not well adjasted. Solidity and sim- 
plicity are however no bad substitutes for the more complicated 
and often less reliable systems of after times. The mouldings 
are generally Qreoo-Boman, combined with the hollow and torus 
common to Romanesqae art everywhere; the ornaments of the 
mouldings are genenUly Roman, — the ovolo, leaf-fret» dentil, .&c 
The capitals of the columns, where not historiated, are mainly 
founded on a Corinthian or composite type, and the bases are 
usually Attic. The sculpture, as a rule, is stiff and lifeless, and 
the drapery, especially on the more richly-clad statues, of a 
fJiorougnly Byzantine character. The masonry is of medium- 
size blocks, slightly oblong, well worked, and carefully set in 
thin beds of mortar. No ornamental inlay is found, as at 
Auvergae and Lyons; no combination of brick and stone, as at 
Toulouse; and we may affirm that few more interestiag classes 
of buildings are to be found for the architect and archaeologist 
than these Romanesque churches of the south of Franoe. 

It is impossible to leave this district without putting in a 
word also for the grand remains of Roman architecture which 
ornament its soil. The noble walls of the theatre at Orange, 
the grand arcades of the arenas at Nismes and at Aries, the 
richly sculptured triumphal arches of St Remy and Orange, the 
colossal aqueduct of the Pont du Card, the mausoleums of St. 
Remy and Yienne, bear witness with a force stronger than the 
most powerful oratory to the manly genius and proround feeling 
for what is noble in architecture which characterised the old 
Roman race. Bx>wever admirable, picturesque, and striking, 
however foil of interest to the lover of Christian art, the most 
ambitious works of MedisDval Europe may be, yet owing to the 
littleness and confusion of their parts, they appear as the work of 
pigmies in comparison with the grand simplicity and indestruc- 
tible strength of these labours of the giants, against which the 
violence of man and the corrosive envy of time have expended 
themselves in vain. 

On the direct route between Nismes and Toulouse there is not 
much Romanesque work. The interior of St Paul, at Narbonne, 
exhibits in the sculpture of the capitals some curious applications 
of the palm combined with figure subjects, among whidi appear 
some very coarse and matter-of-£Eu:t representations of the vices 
of man. The exterior of this church is in the Pointed style, as 
are all the other prindpal monuments of this old but somewhat 
uninteresting city. Tne Museum however, besides the early 
Christian tombs before alluded to, contains some good bits of 
Romanesque art in the shape of capitals and fragments from 
buildings now destroyed; two ridily-worked bronze censers; and 



a pastoral staff in ivory, very plain, ending in the usual serpent- 
headed crook, on whidi stands an angel re^uding an empty chair 
or bishop's Uirone. The eighteenth century is also peculiarly 
well illustrated in this Museum, owing to the bequest of a local 
collector, who confined his attention almost entirely to that 
period. 

From this point the traveller should by all means endeavour 
to visit Perpignan, with its Mozarabic and Spanish styles of 
architecture; and the adjacent diurch and cloister of St Elne, 
so remarkable for the Egyptian character of several of its capitals, 
executed early in the eleventh century. 

^ At Carcassonne, with the exception of some unimportant por- 
tions of the cathedral in the ola town, everything is Medi»vaL 
Carcassonne is M. Leduc's pet patient: he is trying to bring the 
old body to life, and rehabilitate its decayed and shrunken form; 
but although the doctor appears to have it all his own way, and 
to prescribe regardless of expense, I cannot say that the result ia 
satis&ctory. There is something ludicrona, to my mind, in this 
expensive and useless restoration of the old fortifications ; nor 
can anyone approve of the wholesale manner in which old work 
is pulled down and carted away to make place for new. I must 
add that here, and in almost every case where this distinguished 
architect — to whose research, taste, and industry we are all so 
much indebted — has added designs of his own, whether in stone 
or metal, they appear to me to be of the most eccentric and emas- 
culated character. The same rather anomalous result struck me 
also during a late tour through Qermany, as regards Herr Heide- 
loflf s designs. 

At Agen some good bits of Romanesque architecture remain 
in the choir and apse of the cathedral, but more interesting than 
these are some old arcaded streets which still exist in the centre 
of the town. The breadth of tiie pavement is about 26 feet, that 
of the street about 40, and the width between arches about 
20 feet The houses themselves are modernised or rebuilt, but 
the plair still holds good; and as the weather was very wet, 
and I had not an umbrella, my blessings fell on the manes of 
the departed municipal authorities. The same remark applies to 
the Bastide, or free-town of Liboumo, near Bourdeaux, the great 
square of which measures about 180 feet each way: the passages 
are about 21 feet broad, the width between the arches about 
14 feet: this example, though more complete, is ruined in efiect 
by the lowness of pitch and narrowness between the piers of the 
arcade. The rest of the town, though of modem construction, 
still retains the rightranele arrangement of streets common to 
most of these (what may be termed) " model towns" of the four- 
teenth century. 

But we are hastening on somewhat too t/ist, for we have got 
beyond Toulouse, a city which, besides its very remarkable 
Romanesque churches, possesses decidedly the most important 
and interesting museum of antiouities to be found in the south 
of Franoe: these are deposited ctiiefiy in the cloisters of the sup- 
pressed church of the Augustin Friars. The most numerous and 
varied section relates to Romanesque art, and we have here 
tombs, capitals^ statues, and friezes, ranged round the open tra- 
ceried doister in a manner which recals pleasurably to mind the 
charms of the Campo Santo at Pisa. I do not mean to uphold 
the desi^^ or contour of these capitals and ornamental rands, 
as exhibiting any remarkable degree of study and refinement; 
but they have hardly received the attention they deserve, — 
their character is in a high degree rich, bold, and effective. 
The Museum contains numerous most interesting inscriptions; 
and it is to be remarked that in one of the oldest, that on the 
very curious slab tomb of St. Victor, at Marseilles (1048) we find 
the same style abbreviated, by placing small letters within large 
ones, as at the Abbey of Moissac, on the sculptured figure of 
Abbot Ansquetil (1100). This custom, with the use of Roman 
letters, continued down to a compamtively late period; and one 
of the earliest examples of the use of Gothic or German letters is 
to be seen on a tomb in the Museum, dated 1347. Two of the 
figures on the portal of an ancient church now destroyed— that 
of La Daurade, I believe— 4«tain the soulptoi's name: they are 
the best of the series, and the sculptor clearly was proad of his 
work: one has ''Gilabertus me fecit,^* the other, "Unincertus(?) 
me celavit Gilibertus." These statues are draped thoroughly in the 
ridi Byzantine style, with small folds and gem-studded borders. 
Amongst the more fn^e treasures of antiquity up-stairs— - 
although it will not be diown without some trouble probably — 
the amiieoloffist should not &il to see the so-called horn of 
Roland, which (if it really belonged to him) may be the. one the 
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hero died blowing, as he vainly aooght with ita notes to retrieve 
the rout of the Paladins. It appears to be the work of a Euro- 
pean sctdptor after the Byzantine manner, and was probably a 
tenure bom. 

The most noble monument of Bomanesque art in Toulouse — 
-and indeed of the south of France — ^is the celebrated church of 
Si, Semin. It is built of brick and stone, as a three-aisled Latin 
eroas basilica, with a semicircular apse and five apsidal chapels. 
There is a west entrance, with two north and two south ones. 
The general character is laige and massive; the ornament pure and 
good Romanesque; and the brickwork very careful, judiciously 
relieved by courses and dressings of a warm-coloured stone. The 
whole is surmounted bv the peculiarly fine brick tower, of five 
tiers of arcades, with which we are so familiar through engravings 
and photographs. The church is stated to have been finished 
and consecrated A.D. 1090. The best sculpture is to be found on 
the doorways, and I take the south porch (nave entrance) as an 
example. The cornice of the projecting wall shows the peculiar 
omattient and paterae of Nismes Cathedral, combined with the 
brackets of Notre Dame du Port, at Clermont The archway is 
eemicircular, and in the centre is the Saviour in glory, attendant 
«eraphim and angels, and the twelve apostles beneath. The angle 
corbels of doorway are formed by, David seated on a lion's bs^k 
playing the viol, on one side; on the other, two men seated cross- 
legged, and caressing lions. The capitals of the columns are 
carved with subjects from the life of the Saviour, monsters, 
foliace, &C. There are two columns on each side; the mouldings 
are the plain hollow and round; the corbels of the cornice show 
in succession a monkey with a lion's head in his paws, a bunch 
of grapes, a lion, a monster vomitine his own legs, a young 
woman'ei head with wild dishevelled hair, a matron hooded, a 
coat, and an animal too much broken to be made out It would 
oe difficult to explain the two saints carved on each side of the 
portal with allegorical sculpture above and beneath. But how- 
ever interesting the exterior may be, the^ interior is equally 
remarkable; and the marble slabs of the Saviour and the Apostles 
on the choir wall, stated to be saved from the old church built 
by Charlemagne, particularly merit notice. It is with great 
regret that an accident prevents my giving a more deUiled 
description of this church. I understand that M. Leduc intends 
dedicating a monograph to it 

Toulouse is rich in ouLldings of the Mediaoval and Benaissance 
periods. The brick towers of the churches of the Augustins 
Imtuie) and the Jacobins {ctueme) are modelled on and rival the 
tower of St. Satumin. The cathedral contains many portions of 
good Pointed architecture of various dates, and some good painted 
glass of the fifteenth and sixteenth centuries: the triforium is 
peculiarly rich and effective. Adjoining St Satumin is a large 
orick house of the fourteenth century, crenellated and arcad^, 
with angle turrets: it formerly stood within the walls which 
surrounded the church precincts, and is still in fair repair exter^ 
nally. The present Lyc^e retains many picturesque and remark- 
able Late-Pointed portions, while its Benaissance court is pecu- 
liarly striking. The " pestilent" Benaissance buildings (mostlv 
mansions) of Toulouse are indeed, as a rule, very broadly designed, 
noble looking, and well calculated to satisfy the eye of every 
properly-educated architect 

There is not much Bomanesque art, except at Moissac, on the 
direct route between Toulouse and Bordeaux, at which city the 
monuments of Mediaeval architecture, civic and ecclesiastic, are 
very beautiful and interesting: the artist and architect will find 
plenty of work thei-e. 

But we have now passed almost beyond the boundaries of the 
south of France; and, however tempting the subject, I must leave 
for a future day the Bomanesque build mgs of the centre and the 
north, and conclude what I am afraid wUl already have been to 
many present " a twice-told tide." 



Fire extinguished by Steam,— Some little time since a fire took 
place in the cellars of a candle manufacturer, situated on the 
Boute d'ltalie, outside the barrier. The engines were of but 
little value, and to subdue the flames they had recourse to a 
mode but little in use. The cellar doors and windows having 
been hermetically shut, steam was introduced, and the fire in a 
few moments extin^^uished. By this quick and eflfectuid method, 
200 tons of oil which the flames were on the point of reaching 
were preserved.— OMitiof. 



INSTITUTION OF CIVIL ENGINEEBS. 

George P. Biddkb, Esq., President, in the Chair. 

DiiCUBium upon Mr. W. H. Pbsxce's paper ^* On the Maintenance and 
Durability of Submarine Cables in ShaUow Waten," * 

It was observed that during the last two generations there had been 
three marked events in the engineering world, — Watt's introduction of 
the Steam Engine, which gave Power; the introduction of Railways, 
which supplied Locomotion; and the invention of the Electric Telegraph, 
which, as an instantaneous agent for transmitting thought, was fully as 
important as either of the others. 

It was explained that with a view of limiting the paper, it had been 
impossible to notice the effect of temperature upon wires,— a frequent 
cause of serious error — the defects of stranded wires, testing under 
water, working damaged wires with single currents, the comparative 
advantages of screw and paddle-wheel steamers in laying and repairing 
cables, and particularly the improvements in the testing instruments 
introduced by Messrs. Siemens and Halske, of Berlin. It was thought 
that the chief points for discussion were, — the necessity of thoroughly 
surveying the route before laying a cable, the important question of the 
insulating medium, and of applying some exterior protecting coating, 
not only to cables intended for shallow water, but lUso for those to be 
laid in deep seas. The n^lect of this latter precaution had, it was 
believed, been the cause of the recent failures in deep-sea cables, which 
had been found to be decayed and rotten when attempted to be lifted for 
repairs. The cable laid between Toulon and Algiers was beUeved to be 
ncNEurly the true form for deep seas, and if combined with the Bed 
Sea cable, the desired form would then almost be produced. 

When the Channel Islands cable was laid, the electrical condition was 
considered to be most satisfactory, as the instruments acted with great 
facility, and with very low battery power. The selection of the route 
was not left entirely in the hands of the contractors, but was determined 
in concert with a government department. The shore ends of cables had 
generally been made too light, and in some cases, where rivers or bays 
had to be crossed, the phm had been adopted of laying the cable in a 
succession of tubes, connected together by universal joints. 

One of the principal causes of the failure of telegraph cables was their 
not being thoroughly tested under water, until they were deposited in the 
ocean. When the Bed Sea telegraph was laid, it proved, me most lines 
just completed, very successful. It was stated to have been worked 
from Alexandria to Aden, at the rate of ten words per minute, with 
double relay stations at Kossier and Suakin. There were a few embryo 
faults, but it was thought that it might have been worked sucoessfuny 
for a considerable time, if a permanent system of daily tests and of 
timely repairs had been established. There were other destroying 
agencies besides those which had been alluded to, such as excessive 
tropical heat, and the effect upon the cable of metaUio veins at the 
bottom. The sections of the Bed Sea cable had lasted altogether for 
nine months before the first fault occurred, having only given way the 
day before the Indian Extension was completed. 

With regard to the government cable to be laid from Bangoon to 
Singapore, an opportunity had been afforded of carrying out a complete 
system of testing from the first. The old system was to test by the 
galvanometer, and to judge the condition of the line by the angle of 
deflection, and the battenr power employed. This was not deemed 
satisfactory, for reasons which were explained; and instead, the method 
was adopted of comparing resistances. First, a constant unit of resis- 
tance had to be establiidied, and the Messrs. Siemens used for that 
purpose the resistance of a column of pure mercury, one-m^re in length 
and one millimetre in sectional area. This had the advantage of being 
easily reproduced, and was thought preferable to the plan adopted by 
the author, of taking the resistance of 1 mile of No. 16 copper wire, 
as the copper of conmierce had been proved to vary in its conduotirity 
between tiie limits of 100 and 7. Coils of resistance were next formed 
of Grerman silver wire, representing respectively, units, tens, hundreds, 
thousands, tens of thousands, of units of resistance. By introducing 
these variable resistances into the three sides of a Wheatstone's Bridge, 
or Electric Balance, the resistance of the fourth side, which was the 
gutta-percha, or copper conductor of the cable under examination, could 
be ascertained with the utmost certainty, the limit of error not exceeding 
practically one in one thousand. Another feature of this method was, 
that the time during which the electric current was allowed to act 
before the observation was taken, was noticed. It had been discovered 
that inductive tension followed the same simple law of Ohm as the 
electric ciurent itself, in passing from the conductor through the insu- 
lated covering, and admitted therefore of being subjected to the same 
precise methods of measurement. Although this system of testing 
cables had not been long in use, yet resistance coils had been employed 
for determining the position of faults in sabtezranean lines ever since 
the year 1849. In the case of the Bangoon cable a complete record was 
obtained of the copper and gutta-pezdia resistances of each mile of 
cable, so that when the core was joined together it was possible to detect 
the slightest defect, which, if allowed to pass, might afterwards develope 
itself into a fault. Moreover, in laying the cable, or afterwerds, any 



* See Jawnsl oats, page U. 
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decrease of tbe insulation was a* onoe known. It had been originally 
intraded that Uie Rangoon cable should never leave the water, that it 
should be kept in tanks during the ptooess of manufacture, and be payed 
out from tMJES into the sea. Ajb however the tanks oould not beitf the 
great pressure, the cable became expoeed to atmospheric influenoes. It 
was soon observed that there was a decrease of insulation, indicating a 
considerable increase of temperature. Subsequently, this became so 
great that it vras neoessaiy to test the temperature of the coil of cable 
m every part. For this purpose a peculiar thermometer was used, con- 
structed upon the principlo of the resistance of copper wire to the electric 
current, or tube of metal. In coiling the caUe on board several of 
these thermometers were inserted at different layers of the ooiL When 
tested, after being on board only one week, it was discovered that a 
spontaneous generation of heat had taken {dace, and that the heat 
developed itself imequally throughout the mass, the highest temperature 
being about 3 feet below the upper surface of the ooiL A large quantity 
of water, at a temperature m 42* Fahr. was poured upon the cable, 
and thiB was observed to issue from the bottom of the hold Li 72^ Fahr. 
This occurrence seemed to show that other cables, more particulariy the 
Atlantic cable, which had been ooQed on board wet, might have been 
ruined from the same cause. If the heating had been allowed to con- 
tinue a few days longer, the ffutta-percha would have been softened, and 
the copper c<mductor would have become eccentric to the insulating 
material. It was considered probable that this generation of heat was 
due to fermentation of the hemp covering, whilst it had also been attri- 
buted sim|dy to the rusting of the iron. 

^^h re^^tfd to the construction of cables, it was considered that a 
metallic covering must be adopted, as there were cases were hemp- 
covered cables had been completely destroyed by marine animals; but 
that the external iron covering should be protected against the action of 
the water. In reference to the insulating material, gutta-percha had 
several disadvantages. It was readily softened by heat, was liable to 
contain cavities, luid was affected chemically by every current that 
passed into it. India-rubber possessed a much hifflier resistance to 
electricity; and certain compounds of that material had also valuable 
properties. 

It was admitted that the only depths considered to be of primaiy con- 
sequence in the earlv nautical surveys were those under 7 fathoms, the 
depth at which a large line-of-batUe-ship might strike the bottom. It 
was maintained that iron should never be employed as a covering for 
submarine cables. Such a defence should be composed of copper, or of 
some metal, or other substance, that would not ozydise, and that would 
receive a gradual submarine deposit of a calcareous nature, affording a 
permanent protection against damage or decay. But, as far as experi- 
ence had shown, it app^ired that in the deep ocean scarcely more than 
the insulating covering was generally required. 

It was renuuked that submarine cables for shallow waters might be 
comprised imder four classes: — 1. The hempen cable; 2. Galvanised iron 
cable; 8. Unprotected iron cable; and, 4. Iron cable with some protect- 
ing covering. With respect to the first, there were mechanical defects 
sutBcient to condemn its use, as the action of abrasion against the tide 
and rocks would cause it to be destroyed in a few days. On the other 
hand, galvanised iron cables, of which there were many hundred miles 
laid from tbe English coast, seemed to be veiy durable when buried in 
mud or sand; but wherever they were exposed to the free action of the 
tide, corrosion commenced. They however possessed a durability of 
about three years beyond unprotected iron cables; but after that time 
the zinc generally disappeared, and all cables were alike acted upon by 
the sea water, whether originally galvanised or not. This corrosion was 
conjectured to result from the cable lying upon protruding veins of 
copper ore, or other material which was electro-negative with respect to 
iron. The first cable laid between Hurst Castle and the Isle of Wight, 
five or six years since, became so <leeply corroded in eighteen months 
that it was oroken by a ship's anchor. TinB was replaced by a smaller 
cable, which did not last a year, and subsequently by a third of stronger 
construction, and that was now being Buperscdcd by a fourth cable. 
Therefore, three cables had been already destroved, partly by ships* 
anchors, and partly by corrosion. It was believed that sea water alone 
was not sufficient to pnnluce this destructive action upon iron. A cable 
laid from Whitehaven to the Isle of Man, was coated with a serving of 
jute saturated with common asphalte. The process was inexpensive, 
and appeared calculated to hist for an indefinite period. 

The failures of the Atlantic and of the Bed Sea cables certainly 
demanded most serious consideration. That some mischance should 
happen to the Atlantic cable was not suiprising, when the limited expe- 
rience then obtained in submarine telegraphy in deep water was taken 
into account. But in the case of the Ked Sea cable there was no excuse 
' for using unprotected iron wire, scarcely laiger than bell wire, for the 
covering, as there had then been abundant experience to prove that after 
beins only a few months in the sea it would become so rusted that 
shomd any repairs be necessary, it would not be possible to lift the cable 
to the suiface. Similarly, the cable about to be sent to Rangoon would 
not be fit for use for more than three or four years, under the most 
favourable circumstances; rnd if repairs were required the cable would 
be found to be so much decayed that it woukl not be ahle to be raised. 



It was to be ragietted that a cabla deaigiied to be k&d from Falmovtii 
to Gibraltar diould have its destination changed to a mnoh wanner 
climate, because the daetrieal coBidiiotLTity of gntU-peroha was greatfy 
increased or its insulation was in^xaired by heat. 

In reference to the Bed Sea tdegraph, it was remarited that belove 
the form of cable was determined upon, a speciiiMii of the cable poh 
posed to be adopted was submitted to several eminent sci en t ifio men, 
who gmietally concurred in the propriety of using it^ and oo no oooasioii 
were the directors dissuaded from having a cable covered with iron 
wire. 

In reply it was argued, that at the tune the Bed Sea cable was 
designed, so many instances had occurred of the oxidation of the inm 
covering of cables, and their decay was so much a matter of notoriety, 
that provision oug^t to have been made to protect the iron fran the 
destructive action of the sea water. 

In selecting a route for submarine telegraph lines. It was tfaou^ that 
deep water should be avoided wherever that was possihle, even if a cc» 
siderable detour had to be made. In a depth of 100 fatfaoma a cable 
was beyond the reach of attrition, and was as little ISktfy to be injured 
as when hud at a depth of 200 or 800 fathoms; whikt it coM be 
repaired afanost as easiiy as if it lay hi water 80 or 40 iatboma dee|i. Hie 
nature of the bottom was most important, as where rough ground and 
rooks existed the cable could not be grappled. To asoertam this oof«» 
rectly, the use of the sounding lead alone was not sufficient; a mushroom 
anchor, which would bring up a bucketful of the surface materia l , and 
occasionally deep-pronged grapnels, ought to be employed. The line 
should be divided into short sections, of say 100 miles m length; for 
although it might be possible to ''work'* thrcnigh 500 or 1000 mfles, yet 
iriien one section was damaged the consequences wete mote serious. It 
was believed that the Bed £a and Indian telegraph cables might have 
been bud where they oould easily have been grappled, and lifted for 
repairs; and that in the line from Sues to India thsre would not have 
been any difficulty in dividing it into sectkms of 60 malm each, throqgh- 
out neariy the whole distance. 

With regard to the maintenance and durability of tfaoal-water cables, 
it was remariEed that there were two schools of engineers, one adopting 
compsratively light cables, the other laying them as hsavy as passible^ 
The earliest submarine cables between Dover and Cakls, Dover and 
Ostend, the Magnetic Company's lines to Ireland, as well as several 
others, were all strong cables, containing several conducting wires, 
covered with a thick serving of hemp, and over all masrive iron wires of 
large gauge. Tliese had been singidariy fortunate. It was true that 
some of them had been injured by ships' anchors, but tfaoae occunences 
were rare, and the cables never suffered from ''abrasion," or from being 
"washed away by Uie sea," causes which seemed to have been so fatal 
to the Channel Islands telegraph. Tbe new system of laying light cablea 
in shoal water was first adopted by the Electric Telegraph Company in 
their lines from Orfordness to the Hague, where, instead of laymg one 
strong heavy iron cable, four comparatively li^t cables, each with one 
conductor only, were laid across the North Sea^ on the principle that 
the chances were against all the four being broken at ths same time. 
That experiment, which had also been adopted by the same company 
between Dublin and Holyhead, could not apparently have been satisfac- 
tory, judgine from the high annual cost stated for repairs^ and from the 
fact tfiat a heavy cable had been recently laid by that company from 
Dunwich to Zandvoort, in Holland. A somewhat similar plan had been 
pursued in the Channel Islands and the Bed Sea lines, for the latter was 
lakl to a great extent in shoal watw. With these exceptions all the 
shoal-Water lines had been strong cables, and there were many in exist- 
ence in different parts of the worid which had never required the most 
trifling expenditure for repain since the date of their sulnnersion. Two 
of these belonging to the Magnetic Company, were nec es s a rily laid on a 
rocky bottom, subject to the action of strong cunents, but they were 
laid with sufficient slack to meet any irregularities in the bed of the sea. 
The heavy cables laid in 1854 between Spezria and Corsica, and across the 
Straits of Bonifacio, passing over depths of between 700 or 800 fathoms, 
and crossing several coral reefe, had woriied well and continuously. The 
Submarine Company's line from St. Catherine's, in Jersey, to Pirhou, 
on the coast of Normandy, although not much larger in dimensions than 
the Channel Islands cable, had never given any trouble since it was laid. 
Therefore the casulties which had occurred could not be considered as 
inherent and of necessity belonging to shoal- water cables, but must have 
arisen from the cables themselves not being suited to the work. 

It was stated that the Bed Sea telegraph was divided into six sec- 
tions, — ^three in the Bed Sea, Suez to Kossier, 264 knots, Koesier to 
Sualdn, 475 knots, and Suakin to Aden, 630 knots, or in all 1869 knots 
of direct distance; and three in the Indian Ocean, Aden to the Kooria- 
Mooria Islands, 716 knots, Kooria-Mooria to Muscat, 486 knots, and 
Muscat to Kurxachee, 481 knots, or in all 1683 knots; making the total 
length of the two lines 8042 knots. Messages had been transmitted 
between Sues and Aden for about nine months, and separate sections ol 
this line had been worked for eighteen months. It was also mentioned 
that the line had been worked from Aden to Kurrachee by means of 
translation at very good speed; but that the whole distance from Sues 
to Kurrachee had never been worked throug^hout. The cable had been 
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i ud ffiranrfiwd for mMiY hundred mfles, and was oertainly not 
OQffroded to the extent which might be imagined. As a general rule the 
■traBffth of ^ oaUe had not Iwen diminuhed one-tenUi by corroeioni 
ifler being submerged a year. 

With regard to the Rangoon cable, originally intended to be laid 
from Falmouth to Gibraltar, and therefore designed for deep water, it 
had an outside covering of hemp and steel, and possessed, it was asserted, 
a g re at e r tensile strength inproportion to its weight in water than other 
cames prerioosly tested. Tbe cable laid from Toulon to Algiers was 
constructed upon the same principle, and upon a "kink" occurring, it 
was Bucoetsfully hauled back for 8 miles out of water 1600 &thoms in 
d^th. 

The old surveys and loundingB might have been sufficient for the pur- 
poaes of navigation, but tboy were not of that complete character to 
vender the submergence of a submarine telegraph cable a safe operation. 
Froim the records of such surveys it appeared th&i the mean interval of 
tha soundings in deep water was 20 miles. Now, on the Valentia side 
of the Atla^c, there was ascertained to be a dip of 7200 feet in 10 miles, 
and near the east coast of Greenland of 3468 feet in 3 miles. It was evi- 
dent therefore that very inaccurate estimates of depth miffht be arrived at 
if the observationa were only taken at intervals of 20 nmes. The recent 
examination of the proposed line from this coimtiy to Labrador, showed 
that near Iceland there was a series of abrupt elevations and depressions 
at short intervals^ producing a saw-like disposition of the surface, which 
was cozo^xMed of volcanic rock that never lost its abrasive character 
or the angularity of its particles. 

Hitherto gutta-pareha had been considered aa the sole material for 
insolation; but recent experiments had shown that india-rubber possessed 
a Uffh faisulatiDg power, and specific inductive capacity, with great 
fleximfity and elasticity. Its durability could only be tested by time. 
As a pfutof of its qualifications in that respect, a specimen of wire insu- 
lated with india-rubber was exhibited whidi had been used experimen- 
tally between H.ILS. Pique and Blake in the year 1845, and across 
Portsmouth harbour in the following year; also a large coil of wire so 
insulated. In these cases the india-rubber had remained perfectly 
durable and hard. The failures of the Atlantic, the Red Sea, and the 
Rangoon cables, were believed to be attributable to their want of proper 
insolatioD. This was owing to the porositv of gutta-percha, which ad- 
mitted a slow transudation of fluids through its mass, to such an extent 
that when made into bpttles or other vessels they oould not be used for 
hn V^ii^g ffh ftm t ffft l fluids. 

Here were abeady about thirty undertakings in submarine telegraphy, 
owning in the aggregate nearly 3000 miles of cables, a large proportion 
of which had been completed and been at work for many years, and some 
of which, though more recent, had been successfully laid in very deep 
water. These cables had hitherto remained in almost perfect working 
order, having cost an inconsiderable percentage in mamtenance since 
submersion. This was most probably due to t^ adoption of the model 
of the first successful cable Ifud between Dover and Calais in the year 
1851, which was protected by thick iron wires of the best quality, for 
the cables between Portoatrick and Donaghadee, Portpatrick and Car- 
ridrfergus, Dover and Ostend, and other places. The failure of the 
Irish Imes of the Electric Telegraph Company, and of the galvanised 
iron cable from Oifordness to t^ Hague, were believed to be due to 
changes in the character of the cables, made too much for the sake of 
diange, having reference to anchorage and other risks of breakage; as 
they were all cables of small dimensions and of limited strength. In 
shallow waters, the thickness and strength of the cable ought to be 
limited only by the ability of the machinery to lay it, and the power of 
the projectors to pay for it. 

In referenoe to the cables between England and Holland, it was re- 
marked that these were the first long cables; and it was not then possiUe 
to lay a cable 100 miles in length equal in weight to that between Dover 
and Calais, even if it had been thought desirable. That was not how- 
ever the only reason for the adoption of four light cables. It was con- 
sidered that there would be less risk in laying them, that it was 
improbable all of them would be injured simultaneously, and that when 
damaged, they oould be more easily and cheaply repaired and renewed; 
and it was thought to be still an open question whether a more econo- 
mical method of insuring a constant communication oould be adopted. 

In deep-sea cables there iiad been littie else than failures, from causes, 
it was thought, rather within the scope of the moralist and the man of 
the world, than the man of science. The details of the Atlantic cable 
were arranged before anjrthing was practically known about deep-sea 
cables; but it was designed upon eidightened principles, and perhaps 
could be laid at the present day with the probability of enduring, 
although the conductor, owing to its small size, would not enable the 
same rate of working to be attained that was now possible. Great 
mistakes were however made in organising the undertakmg — the radical 
fault being the precipitate manner in whidi the contracts were let — pre- 
cluding any preliminary practical experiments. The laying of the cable 
ought also to liave been postponed. The Red Sea cable was another 
instance in which a disastrous waste of public money had its origin in 
erases entirely apart from scientific difficulties. After the concession 
had been purcnased, it was found that owing to a complication of ar- 



rangements, the directors had also acquired an engineer and a contractor; 
that practically the foim of the cable was decid^ upon; and that littie 
remained for the board to do but to pay. Although at the instance of 
Lord Stanley the specimen of the proposed Red S^ cable had been sub- 
mitted to several sden ti fio authorities, this had not been done until the 
f oim had been so far decided upon, that it had become a foregone conclu- 
sion, as the contract for its manufacture had actually been entered into. 
The Blue Book showed that there had been previous dealings between 
the engineer and the contractor; the concession for an important portion 
of the route — ^namely, that between Constantinople and Alexandria, had 
been already sold to the contractor for the Red Sea cable, and thus It 
was considered imperative to give the latter contract to Messrs. NewaU 
and Co., at a higer price, as they alone could promise a direct through 
communication with England by a stated time. The contract was 
wrong in principle; one great vice beinff that it was tsken for a lump 
sum, thereby ofifering a premium upon mo chances of saving some part 
of the slack, or surplus cable. Hence the fractures, which were asserted 
to have been oocasioned by the tightness with which the cable was laid. 
If properly investigated, it would be found that submarine telegraphy 
was not an enterprise involving so much of mystery or of risk as had 
been supposed. With regard to the Rangoon cable, it was thought if 
the wires surrounding Um core had been saturated with tar, as had 
always been done in the case of former cables, the heatiog would not 
have taken place. , 

Within tiie last few months the cable belonging to the Mediterranean 
Company, between the Island of Sardinia and the coast of Africa, which 
was laid in the year 1857, having failed, it became necessary to repair 
it. Tests showed that there were some bad faults about 40 miles from 
Sardinia, and that within 5 miles of the coast of Africa the cable was 
broken. This break, and another 2 miles fiuiher out» were believed to 
have been caused by the trawls of coral fishers, after the outer wires had 
been corroded. In fact the whole of the deep-sea cable near Africa was 
found to be corroded, whilst the thicker shore-end was not injured by 
corrosion. On picking up the cable, beginning at the island of Sardinia, 
the first 89 miles were found to be as sound as when laid. But at this 
point a change occurred in the character of the bottom, and a short dis- 
tance further out the cable was broken from corrosion as it lay at the 
bottom, at a depth of 1200 fathoms. Specimens of the rust or bark 
from the cable had been analysed, but it did not appear that the corro- 
sion was due to the decomposition of the animal matter adhering to the 
cable. The cause of the fracture of the Bona cable in deep water was 
attributed to its having been laid too tifi^ht, so that when the outside 
iron wires were decayed, the elasticity of the cable caused it to part. 
With respect to the remedies for these disasters, the first appeared to be 
the employment of larger gauge wire; but for long deep-sea lines it 
would be impossible to adopt heavy wire ooverings. A second remedy 
was coating the external wires with some bituminous composition which 
would not injure the gutta-percha by heat when applied, and was not too 
expensive in its application. It had also been proposed to make careful 
soundings of the bottom along the route which the cable was to be laid; 
but untU the nature of the Attorn which caused corrosion was better 
known, this remedy could not be relied on with safety. It was sub- 
mitted that the adoption of a light cable not covered by iron wire might 
poesiby be advanti^geous; for although small iron-covered cables ha«l 
failed, there was no evidence to show that cables unprotected by in>n 
wire would also fail. When this subject was discussed at the Institu- 
tution in the year 1858, corrosion was not mentioned as a source of 
danger to cables. At that time the Malta and Corfu cable, which wa^t 
somewhat similar in construction to the Atlantic cable, had been in 
operation for eighteen month<); and the Red Sea cable was then de8igne<l, 
as well as the Levant cable, both being neariy alike, and the latter 
chiefly belonging to Messrs. NewaU and Co. It was singular that the 
Levant cable h^ proved to be an exception to the general law of de- 
struction; inasmuch as all the sections which were hud still remained in 
working order — including the lengths between the Dardanelles and Scio, 
Scio and Candia, Scio and Syra, Scio and Smyrna, and Syra and Athen», 
in all about 600 miles. On the other hand« since 1858 many instanceH 
of corrosion had occurred in the Atlantic, the Black Sea, the Mediter- 
ranean, and the Red Sea, and also near the English coasts. 

Passing to the electrical part of the paper, it was believed that the 
charge was inversely proportional to the h^arithm of the ratios of the 
external and iutemid diameters of the gutta-percha covering, and that 
it was not proportional to the surface of the copper conductor. Where 
the resistance of the cable formed a large part of the circuit, the deflec- 
tions given by the water current would not be of much use in determining 
the distance of the fault, or the amount of copper which was bare. 
The gas currents which had been alluded to were commonly known an 
polarisation. The practice of expressing the resistance of gutta-percha 
by units was introduced by Prof. W. Thomson in 1857, at the meetbig 
of the British Association in Dublin. Mr. Jenkin, in 1859, at i\w 
meeting of the British Association at Aberdeen, gave the insulation of 
the R^ Sea cable in terms of the specific resistance of gutta-percha, 
which corresponded to a resistance per knot of 94 millions of Siemenn' 
units at 60° Fahr. At the same tmie temperature curves derived from 
actual experiment were given, and the great influence of continued elec- 
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trificatioo was menttonod. Complete <kUilB of all thaee experimsiiii 
were preeeDted to the Boyal Society in 1860. Although so much atten- 
tion hiad been paid to the testing of the Bed Sea cabl^ it appeared that 
it had not been immersed in water during the testa; and unkas that were 
done faults oould not be detected. This omission probably arose from 
fear of oxidation to the outer wires, but that was scarody a sufficient 
excuse, as the cable should have been so made as not to be liable to be 
injured by such a cause. 

With regard to the question of units, it was urged that it was desi- 
rable to introduce a system which should be uniyersally adopted. The 
system of units first proposed by Weber in G^ermany, in 1861, and 
shortly afterwards by Prof. W. Thomson in England, was founded upon 
therrelation between electricity and mechanical effect, and did not depend 
upon an arbitrary assumption of some one quantity of the same nature 
as the thing to be measured. It was thus possible to express electrical 
yalues in units depending directly upon the absolute units of force; and 
not only could electrical resistance be so expressed, but also the strength 
of a current, the electromotiye force of a battery, and the quantity of 
electricity. 

The results were then given of a series of experiments undertaken to 
show thftt injuries to the core of a subnuurine cable, caused by accidents 
during the manufacture, might be temporarily repaired so as to escape 
detection, by the "serving** being saturated with tar and tallow, which 
was An insulating mixture. OthOT experiments were aho made with » 
view to ascerUun what degree of heat would affect the core, when it 
Appeared thai no fear need be entertained so long as the temperature 
did not exceed 100° Fahr. 

In reply, a hope was expressed that the observations which had been 
made during this discussion would have the effect of induciftg the Admi- 
ralty authorities to give instructions to their hydrograpbers that in 
as carefully depicted as the surface of the land was on geological maps, 
future surveys the bottom of the sea surrounding these islands should be 
The Channel Islands cable had been laid with such an amount of tension 
that it was necessarily subject to abrasion; and when its strength was 
reduced by some of the wires being chafed, the cable was readily broken 
asunder. This fact seemed to show that in shallow waters cables 
should be laid as sh&ck as possible, consistent with avoiding "kinks." 
The failures of submarine cables in shallow water did not appear to be 
due so much to inherent defects in the cables themselves, as to the 
localities in which they were placed. In proof of this it was stated, 
that although the Portpatrick and Donaghadee cable, which had been 
submerged eight years, had never been damaged, yet the Dover and 
Calais, the Dover and Ostend, and other cables equally as strong, had 
been broken. Then again, the cable connecting Jersey with Pirhou, on 
the coast of France, which was laid in the latter part of 1859, although 
it had remained in good working order, while the Channel Islands cable 
had been broken in five or six places in the same time, yet a similar 
description of cable, 5 or 6 miles in length, laid off Aldemey, when taken 
up a short time ago was found to be in a very bad condition. Again, 
although the Hague cables had given a great deal of trouble, a similar 
cable, laid in 1857 on the coast of Norway, had remained in good work- 
ing order. The decay of cables from corrosion was due to three causes, 
— 1st, to simple oxidation from water running over the cable; 2nd, 
to the cable lying upon a metallic surface; and 3rd, to the formation 
of vegetation upon the cable. From the evidence already obtained it 
would seem to be essential in the submersion of futiue cables that some 
means should be adopted to prevent the rapid deterioration and decay of 
cables at present experienced. 

The credit of the invention of resistance coils was attributed to Prof. 
Wheatstone, who in 1843 described them in a paper read before the 
Royal Society. Their introduction and useful application in England 
was believed to be due to Mr. Cromwell Varley; and they had been 
used by the Electric Telegraph Company some time before the year 1852. 
It frequently happened in repairing a cable, that on the surface of the 
gutta-percha there was found a sm^ lump, a little hole, or a piece blown 
out, as if burnt by a flash of lightning. These effects had been, errone- 
ously it was maintained, attributed to lightning. On the other hand, 
it was contended that the great enemy in the working of a cable was 
ozone. When the smallest puncture admitted the least drop of water in 
connection with the cable, the decomposition which took place generated 
ozone, which was known to attack in a rapid manner all inoi'ganic sub- 
stances like india-rubber or gutta-percha. As to the comparative merits 
of india-rubber and gutta-percha as inmiUtinff materials, the electrical 
qualities of the former had been proved to be far superior to the other; 
and the only thing wanting to justify the use of india-rubber for long 
deep^iea cables was positive proof of its durability. Now the su^ 
marine cables laid in 1852 for connecting Hampshire with Hurst 
Castle, and also crossing the Yarmouth river in the Isle of Wight, 
were coated with india-rubber, which was now as durable and as good 
as ^en first laid down. There was no reason why cables should not 
be taken .up, examined, and repaired, periodicallpr; and it was believed 
that submarine telegraphy would shortly have amved at that state when 
it would be possible to preserve the communication uninjured for an 
almost indefinite period. 

I! the paper and the disooBtioA had exhibited the subject m ooa 



of national importanoe, it had abo dbown it to be » fanmdi of the pv»> 
f ession the practice of which up to the present time had been sigiuil^ 
nneuooeasfuL Upwards of 9000 miles of submarine telegnph caUe 
had been laid down, of which not more than 3000 miles could be said 
to be in working order; so that there were 6000 miles which were afanost 
ntteriy useless. This result showed conciusively that there was either % 
lamentable want of knowledge on the subject, or some radical practical 
error, which shoiiUl be carefully inquired into with a view of Mplying 
a remedy. The present deplorable state of submarine teIegra]Miy wai 
endeavoured to be accounted for in Blue Books and other published 
documents by reference to causes which practical men could not admit; 
and the conviction which forced itself upon the minds of unprejudiced 
men was, that the obstacles to success had been more of a moral than of 
a mechanical nature. 

It was hoped that the promised Report of the Government Commissioii 
on Submarine Cables would give facts which would either confirm this 
opinion or dispel such an impression. It was understood that the 
report would go fidly into the questions of the methods of inwilfttiop 
and of testing cables. These had been already brought within the 
povince of mathematical certainty, yet the application of the results 
had not been satisfactory; and patents were even recently taken out, as 
if for the purpose of adding difficulties to processes which were already 
sufficiently complex. Patents had in fact proved the curse of tdegraphy, 
for scarcely was the ink of the agreement for the purohase of one pskitent 
dry, before another was offered which w9b warranted to supersede aQ 
that had been previously accomplished. 

The first considerable failure of a submarine cable was that of the 
Atlantic Telegraph Company. It would be remembered, that in a dis- 
cussion before the Institution of Civil Engineers it had been strongly 
uiged that the cable should be tested during its manufacture, and sub- 
sequently that it should not be laid until it had been tested under water, 
as nearly as possible under the conditions to which it would be sub- 
jected when it was laid in the sea. In violation of all these precautions^ 
the cable was b&id, with the conviction of its not being in a perfect state; 
a capital of upwards of £300,000 was sunk, and the cause of electric 
telegraphy was seriously jeopardised. It must be admitted, that even if 
the cable had been perfect when it was submerged, there were natural 
causes in operation which would probably have destroyed its conduct- 
Inlity in little more than twelve months; this however oould not excuse 
the recklessness with which so large a ci^ital was risked without ade- 
quate precautions. 

Several of the deep-sea Mediterranean lines had failed from mechani- 
cal causes, some of which had been foretold before the submersion of the 
cables had been attempted. This demonstrated the necessity for more 
careful and accurate surveys of the bottom of the ocean to the depth of 
500 or 600 fathoms on the lines where cables were to be laid; beyond 
that depth it might be assumed that there would be little, if any, me- 
chanical action. Corrosion would take place, but commercially that 
oould be provided for by a fund for replacing the cables when they 
became unserviceable. 

Hie last ^^eat failure which had attracted public attention was thai 
of the Red Sea telegraph. This assumed more than ordinary import- 
ance, because the country was under engagement to pay about £36,000 
per annum as guaranteed interest upon an outlay which, up to the 
present time, was utterly useless, and which did not appear to affi>rd 
much hope of ever being otherwise. The history of this imdertaking, as 
far as it nad been made public, was given in the parliamentaiy papers on 
"Telegraphic Communication in the Mediterranean, and witn India*' 
(1859 and 1 860). These published documents only would be quoted from 
— and, without entering into all the minute details, it would suffice to 
lay before the meeting the broad facts, whence it would be seen thai 
moral causes had ent€»red lazgely into the fate of this unfortunate under- 
taking. 

It had been stated that the sanction of the late Bir. Robert Stephenaon 
had been obtained as to the form of the Red Sea cable. This was pro- 
bable, as he was always ready to give advice to whoever askfd it; but 
when responsibility was attempted to be fixed upon him, it became 
necesaanr to ascertun to what extent his sanction had been given. Did 
the gentlemen who consulted Mr. Stephenson as to the construction of 
the cable inform him who was to be the contractor; — did they communi- 
cate to him the conditions of the contract, or the restrictions under 
which it was to be carried out? If they did not do so, his opinion as to 
the mere form of a bit of cable, given probably in the free communica- 
tion of one gentleman to another, and not as a professional opinion, with 
all the circumstances of the case before him, should not be made use of 
to shift the onus of failure from the living to the dead. 

Now as to some of the dry facts relative to the Red Sea caliie. The 
letter of Messrs. Glass and Elliot, of June 26th, 1858, addressed to the 
Lords Commissioners of the Treasury, said — 

"We beg most respectfully to address your lordships on the subject 
of the proposed line of telegraph to India, by way of the Red Sea^ 
whkb project is now under tne ooosideration of your lordships at the 
instance of ihe Red Sea Telegraph Company. That your lordsiups may 
be fuUy informed of the circumstances which have led to this com- 
mnniciation, it becomea seoesaazy to lay before you the followi2]|g bcial 
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UilQiy in oomieotioii with the progreaB of the undertakiiig, and our oon* 
BBOtkm with the same. 

''In the year 1855 application was made to ub by Mr. Lionel Gia- 
bonie^ who represented himaelf as acting for and under the authority at 
Her Bfajeety'^B goyemment, for information to enable him to prepare 
estimates for the carrying out of a telegraphic line to the East; and on 
Ui asBoranoe that we should be placed in a position to tender for the 
execution of the work, upon lus completing certain arrangements with 
the Turkish govenmient, we provided the necessary information, aocom- 
paaied with many specimens of submarine cables best suited for the 
oontemplated line, with estimates, &c., upon which Mr. Gisbome pro- 
ceeded to Constantinople, and obtained the necessary firman from the 
Sultan to lay down the line now imder consideration. Shortly after his 
return to this country, these concessions were placed at the disposal of 
a body of gentlemen, who formed themselves into a company (the Red 
Sea l^elegraph Company), for the purpose of carrying out the lines under 
the concessions obtained by Mr. Gisbome. In the month of August 
last the directors called upon us to assist them with information, and 
afterwards to tender for the execution of the whole or one-half the line; 
which we did, and a prospectus was issued founded on this estimate, but 
an insufficient amount of capital was subscribed, caused by certain 
■tatements in the public newspapers to the effect that it was impossible 
to Uy a cable in tne Red S^, from its great depth and other causes. 
In this state of things we suggested the propnety of an application 
to Her Majesty'^s goyemment to cause a suryey to be made, with a yiew 
of testing the truth of these statements: this course was adopted, and 
the Cyc^pe was ordered on the expedition, and instructions, forwarded 
. on our suggestion to the Admiralty through the hydrographer, were sent 
out to the officer in command of tJ^ Cyclops, and the result having been 
highly satisfactory, a further attempt was then made by the directors to 
r out the line; hence the proposal now under the consideration of 
The undertaJdng haviiig thus far proceeded, it was 
I that the agreement between Mr. Gisbome and the directors of the 
Bed Sea Telegraph Company had in the meantime lapsed by a few days; 
and on being called upon by the company to renew the same, he con- 
■ented, but insisted, as we have been informed, that in addition to the 
nun of £15,000 agreed to be paid to him in consideration for the conoes- 
nons, that he should be appointed engineer to the company, and that the 
whole of the work should be given to Messrs. Newall and Company, 
without tender; Messrs. Newall and Company having become interested 
with him in the concessions, and he was bound to them accordingly. 
The directors have felt themselves constrained, under the pecmiar 
drcnmstances of the case, to submit to the terms imposed by Mr. Gis- 
bome; and a conditional contract has been entered into with Messrs. 
Newall and Company, approved by Mr. Gisbome, to carry out the works 
for the sum of £650,000, or thereabouts. The directors having g^ven us 
an opportunity of seeing these estimates, we are in a position to inform 

C' lordships that we are prepared to execute similar work for £100,000 
than that amount. Should your lordships find on inquiry that our 
statements are correct, we feel sure that your lordships will not, under 
such circumstances, sanction the application of public money to this 
purpose, for the private gains of individuals to the prejudice of the 

Upon this there followed a Treasury Minute, dated Aug. 4, 1858: — 

"Inform Messrs. Glass, Elliot, and Company, that my lords have 
made an arrangement with the Red Sea Telegraph Company, by which, 
on certain conditions, a guarantee on the part of Her Majesty's govern- 
ment is granted to that company. 

It is one of the conditions in the arrangement that the line of tele- 
graph shall be laid down on the responsibility of the company; my 
lords do not propose to interfere in the selection of the parties who are 
to execute tli^ work, further than to see that its proper execution is suf- 
ficiently secured. My lords have no doubt the company will adopt the 
proper means of procuring contracts for the execution of the works on 
the best terms, and can only refer Messrs. Glass, Elliot, and Company, 
to the directors of the company." 

The first of these documents proceeded from rival manufacturers, but 
no public explanation had ever been offered of the facts alleged. 

On the 27th of August, 1858, the chairmain of the board of the Red 
Sea Telegraph Company, in a letter to the Treasury, said — *' As regards 
the selection of contractors, they (the directors) beg to state that the 
choice lay between two firms, and that, in a matter of so much import- 
ance, and with so limited a number of competitors, it appeared to them 
that the early and satisfactory completion of the enterprise would be 
most effectually promoted by the sdection of the contractors who com- 
bined the highest reputation with the greatest experience in laying sub- 
marine cables. The reputation of Messrs. Newall and Co. stood pre- 
eminent, and they had already succeeded in laying several telegraphic 
lines." 

Inclosed in this letter was "A memorandum of agreement made and 
entered into between the Red Sea and India Telegraph Company, of the 
one part, and Robert Stirling Newall, Charles LiddeU, and Lewis Ihm- 
bar Brodie Gordon, all of Abingdon-street, Westminster, trading under 
tiie firm of Newall and Co., of the other part," covenanting that "the 
■aid Messrs. Newall and Co. shall manufacture and lay down ti^e cable 



from Sues to Aden, and, if the board should require H, and announce 
their desire to that effsct, within four weeks from the date hereof (left 
blank in the Blue Book), from Aden to Kurrachee, at their own risk 
and responsibility, and deliver the cable complete and in full working 
order and condition for the sum following, viz.: — From Sues to Aden for 
the sum of £225,000; from Aden to Kurrachee for the additional sum of 
£246,425. The board are to have the right of inspecting the cable 
and materials during manufacture and while laying, by their own mem- 
bers and by their officers and persons appointed by them, in such manner 
and at such times as they may think fit." 

On the 23rd September, 1858, Mr. J. Cosmo Melvill wrote:— 

"With regard to the proposed arrangements for executing the work. 
Lord Stanley is not aware of the reasons which induced the directors of 
the (Red Sea) Telegraph Company to enter into a contract for the cable 
without resorting to the system of competition; and he does not perceive 
why that principle could not have been advantageously applied in this 
case, or why boUi the firms engaged in the manufacture of the cable 
which the directors appear to have taken for their model, should not have 
had the opportunity of making a tender. 

With regard to the description of cable which has been fixed upon. 
Lord Stanley is inclined to urve that every precaution should be taken 
to secure the best that can be devised for the purpose. It is well known 
that grave doubts are entertained b^ some authorities as to whether the 
Atlantic cable meete all the requirements of a submarine telegn^ 
work, and he would suggest therefore the desirableness of obtaining 
the concurrent opinion of two or more cmineut authorities upon the 
subject, before making final arrangements. 

Having perused t^ proposed agreement with the contractors, the 
only observations with regard to its texms which I am desired to make 
are, that it would be desirable to modify the first clause so as to oblige 
the contractors to keep the cable in working order for one month at least 
from the date of the first message passing through it; and that clause 4 
should bo made quite clear upon the power of the Telegraph Company 
to test as well as inspect the cable ana its component parts in all stages 
of ite manufacture." 

This letter must be borne in mind, as it related to the important pointe 
of the contract being given without competition, the form of the cable 
— referring to the "grave doubts" entertained with respect to the 
Atlantic cable, which at that period had virtually faQed, — and the obli- 
gation to be imposed on the contractor to keep the cable in working 
order for one month at least from the date of the first message passing 
through it, the original proposed period of maintenance being only ten 
days. 

It should be observed that up to this point no mention wsjb made of 
the testing, or of the reception of "sections" of the cable; but "the 
cable" — meaning the whole extent of the cable from Suez to Kurrachee 
— was evidently intended by the government and by the Red Sea Tele- 
graph Company. 

In the letter of the 28th of September, 1858, from the chairman of 
the Red Sea Telegraph Company to the Treasury, after repeating the 
former reasons for giving the contract to Messrs. Newall and Co., it 
was stated: — "But it was also supported by the consideration that the 
firman from the Turkish authorities, which was the basis of their opera- 
tions, would lapse unless the telegraph was established between Con- 
stantinople and Alexandria before the end of the present year (1858); 
and that Messrs. Newall and Co. engaged, on receiving the Red Sea 
contract, to complete that telegraphic communication from their own 
resources in time to save the Turkish concessions." 

Now it must be observed that up to the present time (1861) no com- 
munication l)etween Constantinople and Alexandria had ever been made; 
yet that was one of the chief reasons for not submitting the contract to 
public competition. 

In the same letter it was said: — "Thn board have communicated to 
the contractors the desire of Lord Stanley that the period for which they 
should be bound to maintain the cable in working order be extended 
from ten to thirty days, and they hope to be able to effect the arrange- 
ment." 

In the contract with Messrs. R. S. Newall and Co., dated 23rd Oct. 
1858, it was stipulated that they "shall manufacturo and lay down the 
cable from Suez to Kurrachee, at their own risk and responsibility, and 
deliver over the same to the company, complete in full working order, 
and in condition to transmit ten words per minute.** 

In clause 5 t)f this contract, which stipulated for certain payments 
being made to the contractors as the wortc proceeded, it was said: "And 
no part of the money is to be considered as due until the cable, for each 
section, shall have been efficiently at work, as hereinbeforo specified, for 
one clear calendar month," &c. "Any surplus cable remaining, after the 
final completion of the contract, is to belong to the parties of the second 
part (the contractors).* 

Iliese documents exhibited prominently the duty of an engineer to 
exercise great caro in drawing up a contract, as well as to see all the 
provisions scrapulously carried out. 

It would be observed that when the tender of Messrs. Glass, Elliot, 
and Co. was £460,000; that of Messrs. Newall and Co. was £471,425; 
3ret the general result inyolved in the tendw of the former firm was 
evaded. 
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be bone in nrnid abo^ tha Memn. GlaH, EIHoi, and Co. hid 



■tofted in their fint letter to the Treemiry thmt they had examined the 
eitimatee and were prepared to execute the tame work at £100,000 lev. 
The directotB however overlooked thie, and onlj said they cooaidflred the 
finertkm of £10,000 was iminatarift], beoaoae they got an undertaking 
from Means. Newall and Co. to complete the cable hem Constantinople 
to Alexandria, and thus to connect IndiA with Europe, which however 
had not yet been done. It was to be remarked however that no formal 
undertaking on the part of Messn. Newall and Co to complete this com- 
mnnication i^ipeared among the official papers. 

lliese details might appear prolix, but it was impossible otherwise to 
Uy deariy before the meeting even the outline of the case, and much 
more to give a notion of the causes which had led to that lamentahk^ 
failure. 

In the contract, dauw 4, it was provided that the board itsdf, or by 
its officers, were to have the right of inspecting and testing the cable 
and all the materials during manufacture and whilst being laid, but so 
as not to interfere with the process of manofacture. But as regarded 
the laying, the meeting had been told by one of the engineers of the 
company that they never had any responsibility, as they never were 
permitted to interfere in the lajring of the cable. 

Another condition of the contract was that the estimates allowed 
20 per cent, of extra length, in order that the cable might be laid suf - 
fideotly slack. Another clause, however, gave to the contractors aU 
snch portions of the extra length as were not actually laid; thus actually 
offering a premium for laying the cable as "taut as possible. The 
obvious result was that in consequence of the engineers not having any 
authority to interfere with the mode of submerging, the cable was laid 
with so Uttle slack that failures declared themselves almost immediately. 
Eventually, a vessel was engaged for 182 days in abortive attempts to 
repair 184 miles of cable. 

It was evident that a contract had been made which absolved all 
parties from responsibility. The engineers had not any power to inter- 
fere, and the liability of the contractors was restricted to thirty davs. 
Even here however there was an ambiguity, the government demanded 
that ''the cable" — niwuiing the entire cable — should be kept in perfect 
working order during thvty days at least; but the company i^iparently 
omitted to insist upon this condition in their dealings with the con- 
tractors, as although it was admitted that each of the subdivisions of the 
cable when laid hiMi conveyed messages during the minimum period, yet 
no messages had ever travelled throughout the line (beyond one or two 
days), according to the evident intention and provision of the govern- 
ment, and on tiM fauth of which a guarantee had been granted. It had 
recently been stated that Messrs. Newall declined to enter into the 
contract if th^ were held to the maintenance of tlie entire line for 
thirty days. Ihe question appeved to have been settled by a oompro- 
mise between the company and the contractors, and the public was 
saddled with the payment of neariy £36,000 per annum; whilst probably 
all the work would have to be done over again, as the present cable, now 
lodged on the bottom of the Red Sea, was of no earthly utility, save to 
the xoophytes, which no doubt were closely attached to it. 

Now as to the Rangoon cable. The government requested the opinion 
of the late Mr. Stephenson upon the fmrn of a cable to be laid between 
England and Gibraltar, and the suitable construction was pointed out. 
This recommendation was reported upon by the engineer who was 
i^ypointed to the project. It was however imagined that the line mi^ht 
be interfered with in case of hostilities; and this cable, which was origi- 
nally designed for laying in a deep sea^ was now ordered to be trans- 
ferred to Rangoon, in order to its being laid between that place and 
Singapore, a considerable portion of which route was throng compara- 
tively shallow water. The next that was heard of this uidiappy cable 
was, that it was in a state of fermentation, whether from the hemp 
covering or the oxidation of the iron was not stated; but its destination 
was again changed, and it was now apparenUy to be transferred to the 
station between Malta and Alexandria, to supersede the cable which 
Messrs. Newall and Co had undertaken to lay for establishing a commu- 
nication between Constantinople and Alexandria, but which had not yet 
been completed. The statements of the Blue Books on this subject were 
curious, and deserved careful attention. As to the construction of the 
caUe, it appeared to be of snperior character, and it was a matter of 
regret that it had not been laid in the ^laoe for which it was originally 
deigned. 

It was evident that there were in electric telegraphy other considera- 
tions bevond scientific knowledge and mechanical skUl, and those who 
had to deal with the subject must be prepared to cope with difficulties 
arising from other and far different causes. A piece of cable on the 
table was an instance in point, it was taken from a line laid between 
England and the Continent for the International Telegraph Company. 
It contained four conducting wires, and whilst the cable was coiled the 
whole acted perfeoUy, but when it was laid only three of the wires were 
capable of performing their duty. The contractors expended a large s\mi 
in ineffectual attempts to raise the cable, and to discover the cause of the 
failure, during a stomnr season. On the return of propitious weather 
they were more sucoessnd, and ther then discovered tnat a nail had heea 
very skilfully iuerted into the oable, in sadi a manner •• to destroy the 



a c t ion oc one wire. A penon who had besB on boira during ^hs mp* 
mersion of the cable at length confessed that he had been in the naj of 
other parties, had at their instigation aongfat for employment mKler Ills 
cootraotors, and had, under instruction, inserted the nsiL AsthecM* 
would very shortly be brought before a court of jostioe^ it would be 
i mpr o per to enter into further particulars, but the ooonrienoe jurtified 
the severe remarks as to *'moral causes*^ that had been made dming tha 



Now as to the propar steps for insuring something like a ssiisfaiilwy 
submarine telegr^ihic communication. Although it was essential thi^ 
a proper route shcrald be selected, it was not reqoiaite to have the entira 
bottom of the sea mapped out with as great accuracy as had been sometimea 
contended for, the expense would be too great; and as experience had shown 
that the destruction from mechanical abrasion only took place within limited 
depths, the mote elaborate survey might be restnoted to practical depthi^ 
and there it should be minute. For that depth the cable should be 
strong, and beyond that a smaller section mi^t be used. The extent of 
corrosion was a serious question, especially where the cable reposed npon 
sand; and provision should be miade for renewal at intervals^ say of seven 
or eight years. 

A main point was the form of contract whidi the goverament sbonld 
enter into with parties offering to lay down cables. It appeared thaft 
at present few, if any, of the submarme telegraphs were remunerative 
per «^— and with the failures of the Atlantic and the Red Sea cables 
as precedents, companies would scarcely be found to embark in soch 
undbrtakingB without some government assistance, llien came the 
question of the terms upon which the govenunent might safely enter into 
such engagements. After considering all that had been done up to the 
present time, as described in the Blue Books, it appeared that the sale 
course would be to negotiate only with such contractors as were known 
to be responsible and trustworthy, to pay them a sum not exceeding the 
actual cost of the cable, and tiien to covenant to pay a liberal per- 
centage for the use of the cable for the period during which it actudly 
remained in working order. The question of the amount paid for effiw- 
tive service was a minor consideration when compared wiu the fact of 
saddling the country with an annual payment of neariy £86,000 without 
the chimce of deriving any practice benefit. The subject was one of 
vital importance, and it was hoped that the expressioQ of opinkm during 
the diM^ssion of the subject would lead to a more busroess-like conside- 
ration of the question elsewhere than it had hitherto received. 



March 12. — A statement was read by perndssion of the council in 
reference to the remarks which had been made at the last meeting upon 
the paper on ** Floating Beacont.** It was stated that seventeen keel 
buoys had been already constructed, and that there were two on the Ark- 
low Bank and one on the Codling Bank, coast of Wicklow, one on the 
Butter Pladdy Reef, coast of Down, and one on the north-west Good- 
win, in the Gull Stream. The effect which had been attributed to the 
keel, or prolonged sides, was not only consistent with theory, but had 
been corroborated in practice, and its action was similar to bilge-pieces, 
as the function of both was to press against a mass of water which by 
its inertia steadied the floating body. The principles on which the 
cone-bottomed buoy and the keel buoy were based, and the mode in 
which they were carried into practice, were essentially different. For 
the former it was sakl, ** the mooring ring should be attadied near to 
the centre of gravity and to the plane of flotation;** whereas in the 
latter, a flat metal plate or keel was added, to steady the buoy by its 
impact acainst the water, and by causing the mooring point to be at the 
centre of lateral pressure, which point could never coincide with the 
plane of flotation, and in practice was far below the centre of gravity. 
If properly constructed neither the cone nor the flat bottom would give 
way; though there was some risk of the rivets which attached the moor- 
ing ring on the outside of the cone-bottom becoming loose and leaky, 
from tiie continual jerking of the chain; whilst in the keel buoy the 
mooring casting was like a flat button on the inride of the bottom, the 
shank only projecting through a central aperture. 



The paper read was '*0n the North Sea or German Ocean; with 
JRemarki on tome of its BUuariet, Riven, and Harbown.'" By Johk 
Murray, M.InstC.K 

Hie author first refored to the charts as now published bv the best 
authorities being generally littie else than a mass of figures, ^riiich evoi 
after attentive study could not be Ions retained in the memory. In this 
respect tiiey differed from geographicid maps, which, being tinted to show 
the separate states and provinces, conveyed a more lasting image to the 
mind. If instead of the present system the bottom of the sea were con- 
toured from the original soundings with faint lines, and at every 5 or 
10 fathoms dotted; and if the surface between the dotted lines were 
tinted, and the deep sea engraved in a stippled or darkened manner; 
the charts would give at a gknoe a correct notion of the bed of the sea, 
of a bay on its verge, or of an estuary with a river falling into it. The 
charts illustrating this paper were contoured and coloured on this 
principle. Between the land and 10 fathoms inclusive the bed wai le- 



Ibgr 1.18(1) 



THE CIVIL ENGINEER AND ABCHITECT'S JOUBNAL. 



147 



meMotod by a tint of ydlow; then eTerv Baooeeding depth of 6 fftthoms 
ay orange, red, puxple, light and dark bine coloun. 

Hie western dunes of Ireland, Scotland, and Norway, exposed to the 
- hay of the waves of the Atlantic Ocean, had a great similarity of oat* 
line; each being rent into numerous inlets, creeks, and bays. 

Tbe great stream of flood from the Atlantic, after traversing the 
wOBtem coast of Scotland, approached the Orkney and Shethmd Isles 
from the north-west, passing eastward through these groups, and after 
combining with the stream through the Pentland Frith, nn southward 
along the east coast of Caithness. The same great stream of flood also 
reached the coast of Norway, and in latitude 62*" separated, one branch 
ronning to the north and the other to the south. Hie latter stream 
impinged upon Kinnaird Head and Rattray Point, throwing a branch 
into the Moray Frith. The eastern branch of this stream continued its 
eonrse southward until checked by St. Andrew's Bay and the shoals off 
the coast of Fife, passing from thence into the Friths of Tay and Forth. 
In consequence of the Bell Bock and other patches nor&i of it, the 
stream of flood was divided; and as the flood in the deep water was 
pressed forward with greater velocity than the streams which traversed 
the more shallow water of the coast, the main stream arrived sooner, and 
split off Dunbar and St. Abb's Head, entering the Frith of Forth in a 
north-westerly direction, and penetrating a considerable distance within 
it before the other streams which run parallel with the coast. Southward 
from St. Abb*s Head the stream of flood was uninterrupted until it 
encountM^ the projecting coast from Redcar eastward, and the tidal 
waters were in consequence heaped up in Tees Bay. This stream 
oontinued its course, and off Whitb/ joined the main stream coming 
due south from the deep water. The united streams continued their 
eoorse to Flamborough Head, sending a branch suddenly round this 
point to the westward, which swept Bridlington Bay and ihe low coast 
of Holdemess. Another branch made for the mouth of the Humber; 
but the main stream took a south-easterly direction, and as the depth of 
the sea was reduced by an extensive shoal off the coast of Norfolk the 
■tream of flood was forced forward, scooping out in its passage the Inner 
Sil/er Pit. From thence it ran into Lynn Deeps, and fill^ the Great 
Wash. Another branch scooped out the channels called the Coal and 
Sole Pits, and oontinued its course between numerous long narrow 
banks, which much retarded the velocity of the tidal stream. The 
■tream of flood off Yarmouth resumed its southerly course, hugeing the 
coasts of Suffolk and Essex, until it fell into the estuary of the Thames. 

The tidal wave traversed the distance from Kinnaird Head to the 
East Nook of Fife at the rate of 56 nautical miles per hour, and from 
St. Abb's Head to Flamborough Head at the rate of 54 miles per hour; 
but in the deeper water from opposite Kinnaird Head to Flamborough 
Head the velocity was 60 miles per hour. From Flamborough Head to 
the Spurn Point, the rate was 38 miles per hour, and from thence to the 
Well in Lynn Deeps, 49 miles per hour. Over the shoal ground off the 
coast of Norfolk the speed did not exceed 14 miles per hour; but from 
Yarmouth Roads to the mouth of the Thames it attaioed a velocity of 
about 29 miles per hour. 

Betumtug now to the great flood stream off Flamborough Head, the 
main set ran almost due east between the shoal ground off the coast of 
Norfolk and the Outer Well Bank, scoiuing out a channel, called the 
Outer Silver Pit, between it and the shoa^. Continuing onwards to 
the Texel, it threw off a branch southward, which made for the mouth 
of the Thames and the Scheldt; and this current met with the flood 
iBBuing through the Straits of Dover, the one neutralising the other. 
Observations made by the late Capt. Hewett, R.N., in lat. 5T 27' 30" N., 
kmg. 3° 14' 30" E., showed, as had been previously pointed out by the 
Rev. Dr. Whewell, that no rise and fall of the tide could exist in that 
part of the North Sea; and that therefore the surface between the two 
opposite coasts must assume a convex form at low-water by the shores, 
and a concave one at high-water. The great stream of flood made for 
the mouths of the Weser and the Elbe, sweeping the coast of Friesland; 
and being forced in a northerly direction along Sie coast of Denmark, it 
impinged on an extensive reef off the extreme point of Jutland which 
altered its course. It then took the name of an ebb-tide, and after 
uniting with the constant outset from the Baltic, ran in a north-easterly 
direction, meeting the flood entering the North Sea between Norway 
and Scotland, to renew the race it hwi just run. 

The velocity of the tidal wave from Flamborough Head to the Texel 
was at the rate of 30 miles per hour. From thence to Heligoland it 
appeared to be propagated at about the same rate; but from thence 
northwards in tne open sea it had not yet been ascertained with 



The debrt3 on the littoral of this sea generally accumulated with off- 
shore winds, being set in motion by the waves with on-shore gales, and 
carried along by the stream of flood. A great part of the east coasts 
of Scotland and England, as far south as the mouth of t^ Humber, 
was wasted away by the action of the sea. That of Scotland was car- 
ried into its bavs and estuaries; but from the Frith of Forth to the 
Humber, the debris, including also the alluviid matter brought by diffe- 
rent tributaries into the rivers, and from thence sv^pt by land floods, 
found a restiiu^-plaoe in the great receptacle of the ocean. As these 
materials oould not pass outwardly through the Straits, of Dover, nor 



northward between Norway and Scotland, the filling process was gradu* 
ally going on. Hence the gradual shoaling of this sea, the silting 
up of the months of the Rhine and the Scheldt, the formation of the 
numerous sand-banks on the coast of Holland, and the deposits at the 
mouth of the Baltic, forming the islands in the Kattegat, and indeed 
the whole country of Schleswig and Jutland. 

Tbe changes which had taken plaoe witbin historic times on many 
parts of the east coasts of England and Scotland, were then referred to; 
as well as tbe successive inroads of the ocean on the whole Ijne of 
coast from the Scbeldt to the northern part of Jutland, including par- 
ticulariy Holland and Friesland. 

The great isolated shoal of tbe North Sea was the Dogger Bank, 
situated in tbe middle of tbe basin. This was attributable to the im- 
mense whirl of tbe stream of flood, wbich bad been described; and 
the inference was drawn that, if the tides oontinued to take tbeir present 
course, sooner or later this extensive shoal would become an island. 

The author next proceeded to consider tbe effecte produced by the 
action of the tide amidst the Orkney and Shetland Isles, and in the 
Pentland Frith and on tbe mouths of some of tbe estuaries of Scotland; 
reserving for a future opportunity his remarks on some of the harbours 
and rivers of tbe same coast and of England. 

Referring to tbe Moray Frith, it was shown that one part of the 
stream of flood in this bay had its origin in the Pentland Frith and 
the several inruns through tbe Orkney Isles; and these streams meeting 
off Noss Head, carried forward the flood in a south- westerly direction, 
and along with it the detritus of the coast into the bay formed by 
Tarbet Ness, from whence issued the Frith of Dornoch. Ite bar was 
in shape like a half-moon, with a depth of 11 feet at low- water, and a 
range of tide of 12 to 18 feet at springs. Mr. D. Stevenson, M. Inst. C.E., 
had ascertained that the level of low- water was the same throughout the 
Frith to near Bonar Bridge, 17 statute miles from the bar, and that in the 
river beyond there was a rise of 6 ft. 6 in. in 1700 yards. Also, that the 
range of a spring tide at Portmahomac, without tbe bar, was 12 ft. 8 in., 
and at Meilde Ferry, Bonar Quarry, and Bonar Bridge, within tbe estuary, 
it was respectively 13 ft. 5 in., 13 ft. 8 in., and 6 ft. 10 in. — the velocity 
of the tidal wave between these places being at the rate of 22 miles, 
7*4 miles, and 0*66 mile per hour. The diminished rates were caused 
by tbe contraction of the estuary, by tbe less depth of its channel, and 
by tbe reduced sectional profiles from the mouth upwards. It was then 
estimated that the water-shed area of the rivers amounted at ordinary 
times to 3246 cubic yards per minuto, or about t^^^ P^i*^ ^^ ^^ ^^ 
discharge from tbe frith; but in the drought of summer tbe whole of 
the fresh-water streams were insignificant in comparison with tbe 
capacity of the entuary below Bonar Bridge, and the Kyle of Suther- 
land above it. The maximum surface velocity of the ebb tide at Meikle 
Ferry was found to be 2*55 miles per hour, and tbe cubic contente of 
the estuary within Dornoch Point amounted to about 155,128,100 cubic 
yards. Assuming tbe duration of the ebb as 6 hours 22 minutes, the 
total quantity of water passing out of the frith would average 406,094 
cubic yards per minute, giving the maximum velocity through the sec- 
tion at its mouth of 2*66 miles per hour. In the open sea therefore, 
over the bar situated upwards of 4 miles from Dornoch Point, the 
maximum velocity of the ebb could not exceed the rate of 1 mile per 
hour. Notwithstanding the gentle velocity of the stream of ebb out of 
this estuary, with the liuration of flood and ebb nearly alike — conditions 
under which it had been contended that no bar could be produced — 
there was one at tbe mouth of this frith as well defined as in any tidal 
river. Other authorities were of opinion that bars were composed of 
matter held in suspension, and deposited when the current met the still 
water of the ocean. But in this case there was not a sufficient quantity 
of detritus carried down the rivers falling into the estuary to produce 
a bar of sand like that in question, which could only be caused from the 
indraught of the sea carrying tbe finer sands up the estuary. Violent 
on-shore gales drew off from the shores as well as raised from the bottom 
the sand and gravel accumulated during calm weather and westerly 
winds. The sweep of the flood tide carried along the detritus, and 
conveyed some of it into the seaward part of the estuary, where it was 
deposited. Other portions formed a beach across ite mouth, which 
would effectuxdly bar it if there were no tidal currente to maintain a 
channel. What was carried into the estuary on the flood with on-shore 
gales was, on tbeir cessation, swept away by the outset of the ebb, and 
returned to the ocean. The bar of this frith was exposed to tbe full 
force of a gale from the north-east, and at such periods was found to be 
in its worst condition. Under-currente on the flood tide, when sub* 
jected to the stroke of the sea, tended to increase its height, and tbe 
author attributed its formation to this cause more than to any other; 
for tbe bar was in ite best state in calm weather after a continuance of 
land floods, especially if these were accompanied by strong spring ebbs. 

A second part of t^ flood tide entered the Moray Frith from the deep 
water, and the consequence of the meeting of this stream with the one 
formerly mentioned was an extensive deposit of sand between them. 
The stream then passed onwards to the Fnth of Cromarty. 

A third part of the flood, and evidently the most poweriul, also entered 
the Moray Frith from the deep water, running parallel with the coast 
from Kinnaird' Head westwaxd, filling with tidal water the Frith of 
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Invernees, and carrying along with H the detritna of about 80 statute 
inflea of coast. The conseqaence of this sweep of tide was various deposits, 
which had reduced the entrance to the Frith of Inverness to 1400 yards, 
with a depth of 28 fathoms at low>-water spring tides. Through this 
comparatively nairow but dec^ channel both the streams of fkrad and 
ebb ran with considerable velocity. In former times the mouth must 
have been as much exposed to the action of the waves as the Dornoch 
Frith, with a similar bar outside; but none now existed. 

The entrance to Uie Frith of Cromarty was through a gorge between 
the headlands called the Suters. This gorge had an average width at 
high-water of 1600 yards, with a maximum depth of 28 fathoms, and its 
length was upwards of 1 ^ mile. After passing the strait the frith opened 
out into a wide expanse, which, afterwards contracting, had an area at 
high-water spring tides of 324 sauare miles, and at low-water of nearly 
16 square miles. The rapidity of the regular currents through the strait 
caused a vessel to steer well and steadily when seeking shelter; and the 
expansion of tiie estuary allowed the swell of the waves to be dispersed, 
a matter of great importance in a haven for shipping adjacent to deep 
water outside. Mr. Alan Stevenson, M.LC.E., had ascertained by ob- 
servations carefully made, that during flood the surface velocity through 
the entrance was 1*8 mile per hour, while at the depth of 50 feet we 
velocity was not less than 4 miles per hour. During the ebb the surface 
velocity was 2*7 miles per hour, and' at 50 feet below the surface the 
velocity was not less than 4} miles per hour. These under-currents 
flowing into and out of the Frith of Cromarty were so interesting, as to 
lead to further investigation. 

In this frith the action of the flood tide was by far the preponderating 
force. The bar, deep as it might be under low water, was no less a for- 
midable bank beyond the line of the coast, and the flood tide, after pass- 
ing it, pitched into a pool, then ran through the minimum section in the 
gorge, pitched and rose again, and continued this undulatory motion for 
several miles up the estuarv. This recalled the theory of M. £my, 
named by him the *'flots de fond,*' or action of the waves on the bottom. 
A very similar action existed in the Dornoch Frith. It was the same in 
the Tay, the Tyne, the Humber, the Thames, the Mersey, and other 
rivcFB. It was met with at still greater depths in the open sea, as in 
the English Channel, at the northern entrance of the Irish Sea, in the 
Straits of Dover, and particularly well defined at the entrance of Moray 
Frith, and at oiber places noticed in this paper. The author thought it 
must be evident that the flood only could produce these depths, and that 
the waters of the ebb could have no such effect. It was in Ids opinion 
caused by the tide, accompanied by waves and under-currents fnmi the 
deep water of the open sea, acting on the bottom, diminished in force and 
perhaps imperceptible at the suHace. In all rivers it might be noticed 
that, when in AcmkI after excessive rains, the fresh-water appeared on the 
surface to overpower the force of the flood tide, and in many cases 
throughout nearly its duration; but at such times, if properly examined, 
it would be found that an under<;urrent of salt-water was running in- 
wards from the sea near the bottom, arising from its greater specific 
gravity, and the tidal action exerted upon it from the ocean. If the fresh- 
water were not so powerful, but yet muddy in character, the current 
from the sea was often clearly denned, making its way inwards like a 
long tapering wedge, but which beneath was spread along the bottom 
from side to side of the channel, until it quite overpowered the descend- 
ing stream, when the whole of the section became salt-water. 

In conclusion, it was remarked that these three contiguous friths 
afforded information which might prove useful in designing marine 
works: — 

1. That in the Frith of Dornoch the bar was exposed to the full foroe 
of the sea, and no works of an ordinary character could get' rid of it in 
its present situation. 

2. That the bar had been removed from the Frith of Inverness by 
natural means, well worthy of mature study. 

3. That the Frith of Cromarty had, from the peculiar and happily- 
placed position of its entrance, a bar, it was true, but submeiged at a 
depth practically of no inconvenience. 



EXHIBITION OF THE SOCIETY OF BRITISH ARTISTS, 
SUFFOLK STREET, PALL MALL. 

In this, the thirty-eighth annual exhibition, will be foand the 
average proportion of snccessfal and unsacoessfal productions, 
the numoers perhaps inclining to the former, especially in the 
unusually grand fiffure-compositions of the president, who ap- 
pears this year to nave excelled himself, and the three all-bat- 
perfect landscapes by Mr. Vicat Cole. To theee may be added a 
large subject by Mr. G. Cole, called "Pride and Humility" (696), 
in the style of Sir Edwin Landseer*s £fimous works, and painted 
with a masterly hand. These constitute the gems of the collec- 
tion, and will of themselves repay a visit to the gallery; while 
of the lighter class we recognise with pleasure the genial and 
poetic visions of Mr. Woolmer (seven in number), a beautiful 
little picture by the yeterau J. B. Pyne (73), some exquisite 



Weteh and other scenery, portrayed with the practised skill of 
Mr. H J. Boddington, and sevend equally charming sea-piecea 
by Mr. Syer. We also noticed, en patient, Mr. F. W. Hulme's 
"Village green" (47), Mr. T. Banks' "Heath in flower'* (639), in 
which the pebbles in the bed of a stream ^re shown with pre- 
Baphaelite minuteness ;— Mr. Leitch's "Reminiscence of the 
Rhone" (646), Mr. Wolfe's two Cornish scenes (669) and (673), 
Mr. F. A. Roberts' "Christmas carol" (734), Mr. Delamotte's 
"Lych-gate" (761) — at Beckenham, to all appearances, — and Mr. 
Piddin^s "Conflicting accounts of the engagement" (244), a 
Greenwich Hospital scene, of the Wilkie school, and capitally 
rendered. 

As may be expected, there is scarcely one exdasively architee- 
tural subject, those by the Messrs. Rayner being the most so, 
and maintaining their well-earned reputation. One of the first 
we have noted in our catalogue is by Mr. £. Boddington, 
"Albury old church** (20), a very truthful painting of a very 
picturesqne spot; — then oome Mr. G. B. Moore's "Monument of 
Can Lignoria, Verona" (132);— Mr. Lacker's grandly solemn 
"Hypostyle Hall, Luxor" (216); —Mr. Bates' "Rochester,— 
evening" (392), a good representation of the old bridge, and 
castle behind it; — a small and careful sketch by L. J. Wood, of 
the "Rue de la Porte, Dinan, Brittany" (463);— "The Cavalli 
Palace, and Church of Santa delhi Salute, Venice" (472), by Mr. 
W. Henry; and another of the "Entrance to the Bucal Palace, 
Venice" (663), by the same artist Mr. J. P. Pettitt's "Neath 
Abbey, South Wales" (677), is one of the most charming little 
views of the kind, though somewhat crude in the colouring; and 
Mr. Baylies has one or two dever gleanings from abroad, such 
as (660) "Malines Cathedral," (682) "The old church of St. Mar- 
tin, Ghent," and (639) "Rubens' Chapel at Antwerp." From the 
latter town we have also another picturesque sketch, by Mr. 
H. Jenkin, (792), which shows the curious old houses in the 
market-place, and a distant peeo at the cathedral. The " Tower 
of Comares, in the Alhambra, Spain" (797), by Mr. J. Dobbin, is 
a contribution per «e, consisting of a series of strangely com- 
bined forms, especially in their fancifully broken sky-outline. 
Some few others, which are deserving of notice more on account 
of isolated scraps of detail than the delineations of their general 
mass, will be readily detected, but need not be hei*e particula- 
rised; our object being to refer to those only which, on the 
whole, mept attention. 



FOREIGN PUBLICATIONS. 

In our last article under this heading the intention was ex- 
pressed of returning to the Monographic de la CathSdrale de 
Chart ree; and ft is in truth so magnificent a publication, that it is 
a pleasure to have to refer to it again. 

The later plates issued illustrate the stained glass, and some 
fragments of the mural decorations, in colour. The finest of the 
stained glass illustrations is one showing a single-light window, 
of the twelfth century, from the western front, and executed in 
colours to one^xth of f^ll size. The subject is one of frequent 
oocurrenoe — ^the Tree of Jesse, and is treated in much the ttame 
manner as usual; but the beauty of the colours, the severe 
nobleness of the drawing, and the richness of the ornamental 
border and of the ornaments attached to the tree itself, all com- 
bine to render this a fine study. It is also beautifully rendered, 
the colours being given with a depth and a brilliancy rare in 
chromatic illustrations. 

Of thirteenth century glass we have, in bold outline only, 
and also to one-«ixth of full size, a similar window, known as 
" Notre Dame de la belle verri^re," and having for the principal 
subject the madonna, surrounded by angels with censers; and 
below, nine subjects from the history of our Lord, illustrating the 
Marriage in Cana, and the Temptation. This is a magnificent 
window, the sroups in the smaller subjects being especially fine. 
Of the same date, and illustrated in the same style, and to about 
the same scale, we have two noble windows out of a series of 
four containing the four evangelists and the four greater pro- 
phets; and to a smaller scale a window containing a single figure 
of St. George. 

To a smaller scale (about one-fourteenth of full size) we have 
three noble windows, conspicuous alike for the grace and beauty 
and inexhaustible variety of the diapers and ornaments, and for the 
power shown in the tr^traent of the subjects. These windows 
itpre0ent respectively the parable of the Prodigal Son and the his- 
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toiTofCharlemagriieaiidofSt James. Aaheetofdetailstoalargo 
sotle are also given from St. James's history, i'he two windows 
havinff scripture sabjects are the most nobly executed, and 
indeed the one of the Prodigal Son can hardly be surpassed for 
the beauty of the various groups it contains; but as an autho- 
rity on points of dvii and military costume the Charlemagne 
window will be perhaps the most valued. 

Lastly we have some plates of grisaille, of the fourteenth cen- 
tury, given in colours, and most exquisitely rendering the 
peculiar tone of the glass. 

The execution of all these phites, it is right to add, is free 
from many of the defects that beset French work even of a high 
elass, and nothing can surpass the genuine artistic feeling shown 
both in the representations of stained glass, and in the details 
and fragments of sculpture, some of which are executed in litho- 
graphy, but the majority on copper. This is of course a costly 
woHc, but a more appropriate volume for public institutions, and 
for private architectural collections of the first class, can hardly 
be pointed out. 

Nouvellet Annaks de la Construction, — This periodical is one 
which would be found interesting by many of the readers of the 
CwU Engineer and Architect*a Journal, Last month we printed 
two short extracts from its columns; we now proceed to give a 
slight account of the journal itself, as far as the parts for the first 
quarter of the present year will enable us to do so. 

Nouvelleg Annates appears to be distinguished from many of its 
contemporaries by a quality which would make it acceptable to 
English readers — namely, considerable literary merit The cha- 
racteristic of many French publications is the marked superiority 
of the illustrations over the text, but we have not to complain of 
such a disparity in this instance. The journal is intended to 
include designs and suggestions, leading articles, and descriptions 
of the buildings and works illustrated by engravings; intelligence 
on building and railway matters, and on telcCTaphy, navigation, 
and new materials; reviews of books, aod of British and foreign 
periodicals; proceedings of learned societies; prices and statistics; 
formulsB, corrciipondence, problems. Tho illustrations, though 
not equal to much of the best French work, are quite as good as 
are needed, and in fact better than could be expected in a pe- 
riodical published at a very moderate price. The majority of the 
subjects are such as will intei*e8t the engineer more intimately 
than the architect; but matter suitable to both classes of readers, 
and very varied intelligence, is to be found in its columns. 

We note in the January number plans and a short description 
of an ordinary French dwellinor-house lately built in Paris; and 
as the erection of a class of dwellings arranged in flats like those 
of the French is really needed in this country, and is much talked 
about, a few particulars are not likely to be out of place here. 
This house is built with fire-proof floors on iron joists, and occu- 
pies, exclusive of courtyard at the back, a site having a frontage 
of H-O metres bv a depth of 953. There is a story of cellars, 
and seven habitable stories, of which the ground-floor forms as 
usual a shop, with a passage leading to the entrance to the aparte- 
menie^ or suites of rooms. The attic story is arranged for letting 
in single rooms, and the five intervening floors are arranged as 
tenements for letting, thei^e being two tenements or apartemente 
on each floor, and a common staircase from bottom to top. Each 
of these sets of rooms — which it is quite needless to say are most 
compactly planned, that being a quality in which the Fi^nch 
never fail — contains a sitting-room, measuring 14 ft. 9 in. by 
12 ft. 6 in. ; a bed-room, 14 ft. 9 in. by 10 feet; a dining-room, 
about 10 feet by 9 feet; a small kitchen of irregular shape, mea- 
suring about 50 superficial feet, a roomy cupboai-d, and a conve- 
nience. The details of cost, &c. are given, from which it appaars 
that the entire cost was at the rate of £i^A sterling per square of 
100 English feet, which, divided by 8 for the number of stories, 
gives an average price of £30. 16*. per square per floor, and the 
cost per cubic foot appears to have been l^d, English. Both 
these amounts would be fair average approximate prices for the 
same class of work in London, or, if anything, would be above 
London prices. The average letting price is stated to be 10 fr, 
per superficial metre for each story, or 1413 francs per floor, 
which, multiplied by 6 for the habitable floors and shop (exclu- 
ding the attics and cellars) gives the gross rental of 8478 francs 
p6r annum upon a total outlay of 94,212 francs, or very nearly 
9 per cenL From this rate of profits, of course, heavy deductions 
must be made for ground-rent, collection of rents, loss by tenants, 
&a; but as something has, on the other hand, to be added ifft 



rent of cellars and attics, it will be clearly seen that, if these 
figures are to be relied on, building in Paris, if expensive, is pro- 
fitable. It is worth noting, that the average of 1413 francs per 
floor gives an average rental of 706 francs, or j£28, per tenement; 
and as the rents of the upper floors will be much below the ave- 
rage, and those of the lower ones much above it, there seems 
reason to presume that even the modest suite of rooms we have 
described would, on the first floor, cost from £A0 to ;£50 per 
annum for rent alone, exclusive of ail other expenses whatever. 

We give an extract from the Annates in another portion of our 
columns, on a subject of great general and engineering interest— 
the present position of nulways in France. 

The Study-Bock ofMediaval ArMtecture and Art (volume ii.), 
by Thomas H. King, architect, Bruges, with descriptions by 
George J. Hill, M.A., is a work which we feel no hesitation in 
including in our notices of foreign books. Although published 
in London (by Bell and Daldy), and containing letterpress in 
English and by an English writer, this is in reality a foi-eign 
work. Not only are the subjects all continental, but the illus- 
trations by the Bruges architect far overpower in number and 
importance the English accompanying letterpress; they, more- 
over, are in part lettered in French, and have been printed at 
Paris. This book, of which only two volumes out of four are at 
present published, is one of the most eucyclopsediac works ever 
attempted on continental Gothic church architecture. A review 
of volume i. will be found at page 131 of this Journal for 18o8. 
Into these two volumes— quartos of not unmanageable size- 
there are compressed illustrations of fifty churches, most of them 
cathedral churches of the largest size. There is nothing like an 
attempt at book-making in the work; on the contrary, the plates 
are filled with information to the utmost extent; each church is 
as fully illustrated as possible, and with a praiseworthy desire to 
keep down the number of plates, and to compress as much in- 
formation as possible into the volume, no more is given of any 
part of any building than is necessary. For instance, cross- 
sections are often divided, half looking east, half west; one or two 
bays of longitudinal seotions or side elevations only ai*e given, 
instead of complete drawings; and details such as plans of piei-s, 
mouldings, and enrichments, are furnished wherever a space on 
the sheet could be found. The excellent plan is also followed of 
employing an uniform scale for the same drawings of each church, 
so that the main dimensions or relative magnitude of two churches 
can be ascertained at a glance. The ground plans are all to 
a scale of 1 to 500; elevations and sections to a scale of 1 to 
300, and so on. 

The author, in his preface, referring to the accuracy and care 
with which the plates ai'e executed, observes — ** In this respect 
they challenge compaiison with any which have yet been pub- 
lished. I have not in a single instance trusted to the measure- 
ments of previous archaeologists. The details have been all 
drawn, the plans, sections, and elevations measureil, expi-essly 
for the work, and under my own eye. I am able, therefore, to 
vouch for their authenticity." We do not of course pretend to 
have checked all these measurements, but from the painstaking 
way in which the book is gut up, and the accuracy of the general 
drawings of some examines with which we are familiar, we 
should be disposed to rely upon the illustrations given here in 
preference to many others. In one respect, however, they are 
n«»t vei'y accurate — architectural character ^ especially in sculpture, 
is not uniformly well preserved, nor aie mouldings always per- 
fectly contoured; but in both instances they are near enough to 
the truth to give a fairly ffood idea of what is meant. A moile- 
rate price ratner than a splendid series of plates has been aimed 
at; and to preserve this, and at the same time to give the pro- 
fusion of illustration afforded, it was necessary that some amount 
of finish should be sacrificed. Aa a specimen of the fulness 
with which interesting subjects are treated, we may instance the 
church at Auxerre, to which fifteen plates are devoted. These 
plates are onlv laige quarto size, and yet there are upwaixis of 
one hundred illustrations of the building compressed into them. 
Other churches are illustrated in like manner, the subjects being 
taken from both France and German v. The inaccuiticies of 
detail above referred to form the only blemish in this very re- 
markable and interesting work, but they will not prevent its 
being extremely valuable. The descriptions appended to the 
plates are brief, and more antiquarian than architectural in their 
import; as far as they go they are, however, very good. 
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THE EXHIBITION OF 1862, AND THE METAL 
MANUFACrUBES OF GREAT BRITAIN. 

A LECTURE on the above subject waa recently delivered 
before the Ironmongers' Association, by the Rev. C. Bon tell, 
ALA. Referring to the forthcoming Exhibition, the lecturer 
said that the preparations had begnn in good earnest; the 
guarantee fund was now more than sufficient. As to the pro- 
posed building itself, it did not appear to him to be credit- 
able to the country. What could the engineer-architect mean 
by having two domes, one at each end of the building? 
though probably one in the centre might have been of some 
service; — in an architectural or engineering point of view the 
building was by no means satisfactory. At the same time there 
was an amount of preparation in active exercise which would 
unquestionably secure the erection of a building that would be 
suitable to contain what was to be exhibited, and they might be 
sure it would be ready at the time required. Then they wanted 
to see what was doing in the way of preparing for its contents. 
The former exhibition contained an enormous proportion of sin- 
gularities and eccentricities — odd things, many esaential, many 
remarkable, and many worthy of the attention paid to them. 
All things found a place in the marvellous Exhibition, but many 
of them were of such a character as should not be sent again. 
It must now be shown that the first Exhibition had had a prac- 
tical effect on their minds. 

He came now to the subject which he had specially before 
him, — the representation of the manufactures of metals. They 
must make all they made as examples which might be copied 
ten thousand times if required. All the things prepared for the 
Exhibition, if they wished them to be creditable to themselves, 
must not be exceptional, but should be typical specimens of 
what was done every day. They must not be eccentricities or 
curiosities, but specimens of what could every day be done in 
metalwork — never mind how simple the object, or how slight 
the apparent use. If that idea was carried out the Exhibition 
would not only be a grand display, but a monument of the high 
position of the workmanship of England. With reference to 
the metal manufactures, they stood in a most prominent position 
among the manufiictnres of England. In fact, the hard metals 
were endless in their varieties and use, and possjessed almost a 
national character. The iron and copper of England worked up 
in the form of brass had been for ages especially regarded as 
English work. England certainly sto<S well in the front of the 
producers of the manufactures of iron; but in the coming Ex- 
hibition it was not one great producer that would have to en- 
counter another great producer, but all would have to encounter 
a keen rivalry from the workmen in iix^n in foreign countries. 
But he was sure they would not allow the manufactures of iron 
of foreign countries to beat the manufactures of iron in this 
country. 

In the Exhibition of 1851 the art character of the object ex- 
hibited was infinitely inferior to the manipulative skill employed 
in their production. All the best metalwork produced in our 
time was made' with the apparent intention of show'mg that it 
did not belong to this age, out to make it appear to have been 
the production of mediaeval times. But they should not de- 
sire to produce good metalwork now because good metalwork 
was produced in the middle ages, but they should show that 
good metalwork could be produced at the present day. They 
should study the art feeling of the mediaeval times, both in 
design and execution, and take hints from them; but they should 
make their metalworka unquestionably modern works, though 
Gothic; and let them not call it* Mediaeval We wanted our 
works to express the sentiments of our own times, and to be 
suited to our own wants. They ought not to copy, but to exer- 
cise fresh, independent thought They must not take up an old 
design, and copy it without thought of their own; they ou^ht 
themselves to produce, and not to imitate or copy something 
which a Gothic or Greek master did — ^though oy the way, it was 
not found that much in metalwork had come down from the 
Greeks. They should take the best thin^ in all styles by way 
of example, and then use their own thought and form of expres- 
sion. They should exercise their own thought, their own brain, 
their own mind. He was most anxious that the metal manufac- 
tures at the Exhibition next year should stand pre-eminent, and 
show to the world that English metaiworks were the best 

The lecturer then spoke in favour of wrought work as being 
superior to castings; tne more they got rid of castings the more 



Buccenfol would be the results of pnnching or catting either by 
hand or machinery. They must aim at producing everything 
that was produceable; and the commonest thing of whatsoever 
kind should, along with the more important, bear the impress 
of the same mind and the touch of the same hand. He homd 
that that would be one of the characteristics of the coming £x« 
hibition. If the Great Exhibition of 1862 was to be suooeBsful 
its contents must be specimens of what skilled workmen could 
do, and also illustrate what was popuUr amongst the people.« 
Wherever there was any important architectural work they were 
sure to find some deverly-designed and well-executed metalwork; 
and in the simplest portions of it, such as the stanchion of a 
window, as well as in the highest, there should be evidence of the 
same thought and artistic touch. 

After remarking that the balusters of staircases might be veiy 
well executed in metalwork, the lecturer said, architectural ac- 
cessories in metalwork should be well represented at the coming 
Exhibition; and then referred to the novel applinnces of iron in 
naval and military architecture, which in his opinion ought to 
have their close attention. He also suggested that iron might 
with advantage be more used in the construction of both private 
and railway carriages. 



NEW CHURCH, INCE-IN-MACKERFIELD, 

LANCASHIRE. 

{With an Engraving.) 

This church, of which we give a perspective view and ground 
plan, is intended to be built at Ince-iu>Mackerfield, in the midst 
of the great Lancashire coal-field, and two miles from Wigan. 
The district proposed to be assigned to it out of the parish of 
Wigan, contains about 7000 inhabitants. The site, which has 
been given by Capt Anderton, adioins the Lancashire and York- 
shire Railway. The church will be built of Parbould stone, 
with dressings of Up-Holland walling stone. The total cost will 
be about £5000. The architect is Mr. K G. Paley, of Lancaster; 
and the work has been taken by Mr. Fairclough, of Wigan. 



OUTWELL CHURCH, NORFOLK. 
{With an Engraving,) 

We give also in Plate X VI. a view of one of the fine old Per- 
pendicular churches for which the county of Norfolk is famous. 
Outwell is situated about six miles south of Wisbeach, and is 
therefore on the borders of Cambridgeshire. The church con- 
sists of a nave with north and south aisles, chancel with north 
and south chapels, an additional chapel on the north side placed 
transept- wise, and called the "Lynn Chapel," a western tower, 
and south parvise porch. With the exception of the lower part 
of the tower the whole church appears of the same date. Ttom 
the proportions of the tower it may be easily inferred that the 
earlier church to which it belonged was of much smaller dimen- 
sions than the one now existing. With respect to the present 
state of the building, the old story holds good — long neglect and 
consequent dilapidation. The chancel, too, is slipping into the 
river at the east end: some years ago an attempt was made to 
arrest this by means of iron ties, but they have been found in- 
effectual : a new roof was put upon the chancel, — this roof is 
a common queen-post roof, with a lea^ flat over the straining 
pieces, and ceiled under the tie-beams, and therefo e cutting the 
tracery of the east window in half. All the other roofs are the 
original ones, and are richly carved: that over the Lynn Chapel 
is one of the richest and most elaborate we remember to have seen, 
and it still retains traces of the coloured decoration. The effec- 
tive base-course round the exterior of the south aisle is nearly 
hidden by the accumulation of soil; and there is a miserable 
brick external staircase to the room over the porch, the original 
circular staircase inside the aisle being in such a worn and dila- 
pidated condition as to be useless. 

The works proposed are the rebuilding of the chancel, reducing 
its length to 34 feet, so as to avoid any danger of the foundation 
giving way at a future period, the thorough repairing of the 
roofs, &c., the reseating of the whole of the church, and generally 
restoring the fabric as requisite. The estimated cost of the work 
is nearly j£3000. The architect engaged is Mr. William Smith, 
of New Adel phi-chambers, London. 
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BUILDING MATEBIALS, INTENTIONS AND PATENTS 
AT THE AKCHITECTURAL EXHIBITION. 

Thb department of practical art, is a sammary expression 
wliich may be used in describing this portion of the Architec- 
tural Exhibition, which is slowly, bat we hope sarely, pro- 
gressing in public estimation, if we may judge from the many 
exhibitors of last year who have renewed their engagements 
for ''space,*' and the &ct that the whole of the area contemplaied 
in originally pUnning the rooms, to be allotted to these objects, 
is now for the first time completely filled. The importance of 
the purposes sought to be accomplished by these means cannot 
be oveivestimate^ whether we regard the art-workmen, archi- 
tects, or their clients: it therefore behoves the committee to 
extend, if possible, the limits already occupied, so that there 
may be no cause for rejecting future applicants for show-room, 
and thereby checking the full utility of this most important 
branch in connection with the interests of the profession gene- 
rally. It has been suggested that more use might be made of 
the central areas in the picture-galleries, but to this we demur — 
over-crowding would inevitably ensue; for, as it is, the aspect of 
the room is sufficiently cheerful and inviting, and the introduc- 
tion of more tables and stands would interfere sadly with the 
appearance (at any rate) of comfort, and might in other ways 
prove undesirable. Should the opportunity offer of enlarging 
the galleries, which is said to be by no meams improbable, we 
trust that the committee will feel themselves in a position to 
avail themselves of it on advantageous terms; but to enable them 
to do this will require, not merely the good wil], but the helping 
hands of aU who desire the increasing prosperity of the institu- 
tion. 

It will be unavoidable, in pointing out the leading ''practical'' 
objects in these galleries, if we now and then repeat what we 
have in substance recorded on previous occasions; but there is 
no need for claiming indulgence on this score, since such matters 
have claims which cannot be too frequently pressed upon the 
attention even of those persons to whom they are thoroughly 
familiar, while not a few strangers will doubtless be induced 
by the bare mention to attend and examine for themselves. 
Upon the merits of world-famed articles like those manufactured 
by such as Minton and Maw in tiles and pottery, by Hardman, 
Skidmore, or Hart, in ornamental metal work, by others in stoves 
and the more ordinary kind of metalwork, with a variety of 
handicrafts which are more or less practical accessories to our 
profession, it is needless to dilate. Some of these establishments 
nave been represented in the exhibition galleries from the first, 
while the mere fact of trade-emulation has produced, in each 
successive year, manifest improvements which it is by no means 
likely would have been elicited in the same period of time by 
any other means. 

With the assistance then of the catalogue, we find, in the 
lobby of the North Gallery, (1) "Specimens of Martin's cement," 
an article which has long approved itself as among the beat of its 
class. It may be applied to various purposes, as the several 
specimens on the walls will show. The "Scagliola marble" (2) 
of Messrs. Bellman and Ivey we noticed with commendation last 
year, and the specimens before us appear to be the same. Messrs. 
reardand JacKson's "MedisBval metalwork" (3) displays com- 
mendable seal and skill in the working, according to ancient 
principles. They exhibit, among a host of articles, a wrought- 
iron grille, well designed and very carefully finished. The same 
firm also exhibit (3) " Specimens of Brown's patent cloth-padded 
wood strips," for rendering window-sashes, casements, doors, 
museum and show-cases, air, dust, and water tight; also models 
exhibiting the manner of applying them. No. 4 is devoted to 
specimens of Ransome's patent siliceous stone, to which we 
have before adverted. The Poole Architectural Pottery Com- 
pany send, as heretofore, a variety of samples of their produc- 
tions, which are well and approvingly known. Some large 
flower-stands for conservatories, orange trees, &c., constructed of 
tiles on a metal framework, are suggestive of purposes to which 
these manufactures can be applied. 

Zinc, as a material for roofs, is now much in demand, and the 
most secure and efficacious mode of laying and jointing it is ne- 
oessarilv an important thing to determine. Mr. J. W. Tyler in 
his models (6) appears to have met the difficulties satisfactorily, 
by a method which is not effected by atmospheric influences, 
the metal being laid without nails or solder, thus allowing of its 
oontraotion or expansiou aooording to oirQumstanoes. The models 



of zinc work exhibited by Mr. Tyler are actual working models^ 
made for works which have been executed upon the new system 
introduced by Mr. Edmeston, architect, and which was noticed 
at page 85 of this Journal for last year. The zinc is supplied 
through Messrs. Charles Devaux and Ca, of London, the emi- 
nent bankers and merchants, under special arrangements, so 
that they can give their guarantee of purity by stamping each 
sheet with their name. By Mr. Edmestons advice they also 
stamp none but sheets of proper thickness for roofing, and there- 
fore sheets too thin for the purpose can never be supplied to 
those who use their zinc. The workmen employed by Mr. Tyler, 
of Wood-street, Westminster, have become expert in the new 
method, and a great number of roofs have been laid by them in 
London and the country, with great satisfaction to employers 
and their architects. By this covering, the constant expenses- 
attending slate and tile roofs are got rid of; and this relief from 
expense and annoyance, it is said, has caused this mode of cover- 
ing to be so universally adopted on the continent. Mr. Tyler 
also shows a small model of his " Patent octagon chimney-head," 
for the cure of smoky chimneys, especially adapted for bleak and 
exposed situations. 

"Wright's patent self-acting water-closet" (7) will still recom- 
mend itself, as a simple, economical, and effective apparatus, so 
constructed (we are told) as to be "free from all defects of the 
water-closets in general use." Another arrangement of water- 
closets may be seen in (9), exhibited by Messrs. J. Tylor and 
Sons. These do not require any separate cistern apparatus, 
cranks, or valves; and by a simple contrivance the amount of 
supply of water can be adjusted at pleasure. Great attention 
also appears to be given to the construction of the metal valves. 

Mr. W. Hood's " Stable fittings " (8) show much ingenuity and 
economy of space. " The advantages claimed for them are — 1st, 
that waste from the rack is prevented by a spring rack top, 
which opens back to the wall while the rack is being filled, and 
descends as the hay is being withdrawn, always so compressing 
it that the horse is unable to remove it wastefully; 2nd, a perfo- 
rated cover is applied to water cistern, working in slots, so con- 
trived that only persons acquainted with the use of it can open 
and close it; 3rd, the tubes containing the noiseless tying appa- 
ratus act as brackets for supporting the stable fittings, and adso 
keep the halter-balls away from the horse's feet. The price 
vanes from 35s. to 1258." The lami>j>ost, panels, and other 
ornamental castings exhibited by Mr. Hood, are not in the best 
of taste, and rather coarse in execution. Several earthenware 
materials, such as drain pipes, electric pipes for cables,, ridge 
tiles, &c., are furnished (10) by the Beading Abbey Concrete 
Works, London-street, Beading, an establishment of which as 
yet but little is known. Brown and Green's kitchen range has 
many recommendations. It is warranted a certain cure for a 
smoky chimney, and will bum either coals or coke, consuming 
only one-half the fuel of an ordinary range. The upper part of 
the front of the fire is inclosed, when cooking, with a perforated 
iron plate, through which jets of air are directed upon the smoke, 
by which means the greater portion of it is consumed, and the 
heat of the hot plate, &a thereby greatly increased. This plate 
is in several respects a great improvement upon the usual doors; 
it is not liable to get out of order, and not projecting beyond the 
line of the tire- bars it economises heat by preventing a draoght 
of cold air over the fire; also, being brought into immediate con- 
tact with the fuel it becomes slightly red-hot, and thus renders 
the whole depth of the fire available for roasting. The sliding- 
plate over the fire is also much more convenient than covers that 
lift off. When not cooking, the front of the fire may be per- 
fectly open. This range is fitted with two ventilating pipes, 
which carry off the odours of cooking. The oven is large, well 
ventilated, and thoroughly effective for roasting, or baking bread 
or pastry, being constructed tm a ulan by which it is heated on 
all sides alike. This is attained by means of the hot air passing 
from the fire through the iron flue surrounding the oven. Brown 
and Green's improved self-acting midland cottage range also sup- 
plies a desideratum. The ovens and boilers are self-acting, and 
are quickly and effectually heated with a remarkably small quan- 
tity of fuel It is moderate in price. (12) Chantrell and Dutch's 
patent economic self-acting water-closet and water-waste pre- 
venter has been described by us before. This apparatus combmea 
a cheap glazed stoneware cistern, with measuring box, double 
action vidve, with vulcanised India-rubber washers, overflow, 
and aiivpipe; white enamelled stoneware hopper basin, and 
syphon trap ball-cock, for supply; simple self-acting le^er and 
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rod; 7 feet of flushing pipe, with connections to oistera; pivot 
hinges for seat Price complete, exclusive of timber work, de- 
livered to rail at Liverpool, £2 159. The apparatus may be 
fixed by any ordinary workman, and the valve may be taken 
but for repairs by disconnecting the flushing pipe, and removing 
the plates on the underside of the cistern; there being no screws 
(to b« aflected by water) in the valve, it is almost indestructible. 
The cbtem contains sufficient water for thoroughly flushing the 
closet seventeen tim^ which is a great advantage over many 
other apparatuses which have only one charge, so that whenever 
the water may be otf at the main the closet gets out of order for 
want of water for flushing it The apparatus is adaptable to 
slate and other cisterns, and for aU flushing purposes. 

Messrs. Mander's varnish maintains its pre-eminent position 
as a clear, hard-drying material, admirably adapted for seats of 
diurches; their white Coburg varnish is the palest in the trade. 
A panel coated with the latter is exhibited, for the second year, 
without being re-varnished, and it does not display any change 
of colour. Moore's clock and illuminated clock-dials, and also 
his patent ventilators (14), are now so well known as not to ' 
require description. \ Messrs. Sharpe Brothers and Co. have 
patented an improvement in closet pans (15), by which the water 
is distributed in an efficient and equable manner throughout. 
The rim to these pans is formed into a tube, which convevs the 
water entirely round the upper edge, and being there acted upon 
by the pressure in the supply pipe, it descends vertically (through 
proper openings) over every part of the surface. The openings 
are made of diflerent shapes and sizes, in order to ffovem the 
action and determine the quantity of water which shall pass over 
the several parts, and thus secures a heavier flow where it is 
found by experience that most is needed. These pans do not 
require fans or spreaders of any kind, and the cost scarcely 
exceeds that of ordinary descriptions. 

Godwin's encaustic tiles and self-coloured tesserss (16) are 
manufactured on an extensive scale at Lugwardine, near Here- 
ford: and they are now brought to that degree of perfection as 
fairly to vie with any others in the market The purity of 
colour and perfection of shape which they now possess can only 
have been the result of repeated and persevering experiments. 
Gill calorifers are in frequent use for warming churches, public 
buildinra, mansions, &c. Those produced by Mr. G. Wright, of 
Sheffield, are among the best. One of the smaller sizes is shown 
in this exhibition (17), and is calculated to warm a building 
having an area of 50,000 cubic inches. The feed and ash-pit 
doors, or valves, are so constructed as to give perfect control 
over the amount of air admitted to support combustion. No. 18 
presents an extensive show of locks and lock furniture, exhi- 
bited by Messrs. Bond and Scaramell, of King-street, Snow-hill; 
and No. 19 is a similar case, exhibited by Messrs. Hobbs, Ashley, 
and Ca, of Cheapside. Amoue these latter may be noticed 
an excellent mortice lock, in which, by the application of the 
double spring, the lateh is made to work independent of the 
crank, whereby the necessity of slamming the ooor is avoided; 
while, by the peculiar form of the follower and crank, a rolling 
instead of a rubbing motion is produced, whi(^ prevents friction, 
and conduces to durability. 

We are not sufficiently acquainted with the ^'new substitute 
for marble, scagliola, &c.," shown in (20) by Mr. Bridell, to speak 
from experience as to ite qualities, but on the opening night Mr. 
Ashpitel spoke of it as among the most important of the new 
inventions exhibited in the rooms. He considered that it would 
enable architects to put colour on walls, of a durable kind, at a 
cheaper rate than can at present be. done in other imitations of 
marble, or polished coloured surfaces. It is made in slabs of 
various sizes readv for fixing on the walls, which do not require 
rendering. The slabs are perfectly straight and true, like marble 
itself, and are polished and enamelled in a permanent manner. 
The colours are embodied in the material as tney are in scagliola. 
It is applied to lining and decorating walls, and is also manu- 
fiuJtnred in chimney-pieces, tabletops, and in every article that 
can be made of marole. Slabs are also made in self-colours of 
various tints, suitable for bath-rooms, conservatories, and for 
panelling dining-rooms, &c The very handsome dining-room 
in the new wing of the Tavistock Hotel, Coven t-garden, recently 
erected from the deeigns of Mr. Munt, architect, is lined and 
decorated with this patent marble. The price is, we understand, 
considerably under that of sc^liola or enamelled slate, and it is 
applicable to purposes for which neither of those imitations of 
nisrMe can betwed; and taking into aocount its durability and 



cost, it may be oonddered to be cheaper ultimately than good 
graining. 

In the lobby leading to the East Gallery are a few specimena 
of ornamental wood (21), in which the pattern is burnt in, being 
therefore indelible, and not subject to injury from the heat <^ 
the sun or from damp. Moon's register chimney door, and 
conical chimney-pot (22), appear to m well adapted for their 
respective purposes. The register is to be fixed at the com- 
mencement of the flue ; the doors are placed underneath on 
runners, are easily regulated, and may be partially or entirely 
dosed when the chimneys are not in use, preventing down-draughto 
or soot from entering the rooms. Mr. Moon suggeste to archi- 
tecte and builders that a considerable improvement would be 
made in chimney construction at the upper part or shaft, br 
more completely separating the flues — ^that is, by having 9-inch 
divisions instead of 4-inch, which would prevent the flues inter- 
fering with each other, so that cowls and other deformities may 
be got rid of. A cast-iron label plate should be spiked on each 
flue. Top sweeping might be adopted by a light stage of iron, 
attached to the 9-inch division of flues. Every stack of chimneya 
should have a spare flue for ventilation from each story. 



THE EMBANKMENT OF THE THAMES. 

This great work, which has occupied public attention for 
some years past, and to which frequent reference will be found 
in our pages, will in all probability soon be commenced. The 
commission which was appointed relative to the matter have 
recently received numerous plans in reply to their advertisement, 
and are now engaged in the consideration of them; and the 
House of Commons, a few evenings back, postponed the second 
reading of the Thames Embankment Bill for a fortnight, in order 
that they might have the advantage of the result of their deli- 
berations on this matter, which the formation of the low-level 
sewer has rendered an immediate necessity, for the construction 
of the sewer along the Strand would occasion such interruption 
to London traffic as to make it, commercially speaking, an im- 
possibility. 

On the question as to what line* the embankment should take 
there seems to be no difference of opinion, the engineers exa- 
mined by the committee adopting almost exactly the line known 
as Walker's line, being that laid down by Messrs. Walker and 
Burges, in their survey made in 1844, and extending from 
Westminster-bridge to Paul's-wharf, and in some of the plans 
to Southwark-bridge, below which the river narrows consider- 
ably. As to the form the embankment should take, however, 
and the mode of dealing with the foreshore, a variety of sugges- 
tions were submitted; but as we purpose to return to this matter 
on a future occasion, we do not at present intend to enter into 
the details of the schemes proposed. 

Taking the results which the committee concluded would be 
obtained by the successful carrying out of a well-conceived method 
of embankment — viz., the improvement of the river, facilities for 
the construction of the low-level sewer, relief to the at present 
overcrowded streets, and increased facilities for carrying on the 
river-side trade, as the objecte which all designs for this pur- 
pose should aim to accomplish, we propose in a future number to 
examine briefly the various plans which have from time to 
time been put forth, and to endeavour to give some suggestions 
useful for the work; premising only that to those objects as set 
forth by the committee we would add the architectural embel- 
lishment of the metropolis, and the securing of an open space 
along the river side ^hich, if not in all cases equal to the present- 
foreshore, shall at least be as large as it is possible to make it. 
We hope the grandeur of the work will not be sacrificed to a 
timid economy; while in these days, when the value of open 
spaces and fresh air is so well understood, it will need no argu- 
ment from us to show how undesirable it would be to contract 
this great air-passage with high embankments and viaducts, or 
handsome terraces, however remunerative such misht be. We 
are no advocates for a lavish expenditui*e, but we do hope that 
the question "Can it be made to payT' — a most appropriate one 
in the case of a private enterprise — will never be asked in refe- 
rence to this matter. Pfty it certainly will, if well carried out; 
and in a much better, though less immediately appreciable sense, 
than if it brought in handsome dividends. What is required is 
a work that snail be a credit to the age, and, in a sanitary 
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aspect, advantageoas to the metropolis; an incalculable conve- 
nience to the traffic of London it cannot fail to be. 

To these considerations we hope all prospects of remunerative 
retnms from railways, tolls, shops, hotels, or warehouses, will be 
•abordinated, and that the work, when completed, will be some* 
thing very different from the ordinary style of engineering archi- 
tectare, of which we have unfortanately so many specimens. 
The present opportunity is one which might be seizea for the 
introduction of a comprehensive scheme for the improvement of 
the river-side property, as considerable alterations will be re- 
quired in many instances by the construction of docks, while 
tne great scope there is for improvement in nearly the whole of 
the buildings and premises along the shore would, in all pro- 
bability, ensure the support of the parties immediately inte- 
rested • 



GENERAL STATISTICS OF FRENCH RAILWAYS* 

The French railways completed to the 1st of January last 
occupy an area of upwards of 30,000 hectares (74,200 acres). 
More than 300 millions of francs have been expended in the 
purchase of properties. 

The crossings of roads and footways are 1 1,500 in number, of 
which 5500 are level crossings, 4000 are under the rails, and 2000 
over the rails. There are numerous other endneering works 
desikned for the escape of water, such as aqueducts, archways, 
and bridges under 65 feet span. The wide bridges across water- 
courses have spans which, put together, amount to more than 
30 kilometres. The tunnels form a length of 100 kilometres; 
out of 9076 kilometres worked at the commencement of I860 the 
length of the lines with a single way was, at the utmost, 3600 kilo- 
metres. The way laid down in stations, and for traffic, turntables, 
switches, and crossings, may be estimated as having cost one 
milliard of francs, and the quantity of cast-iron consumed on 
them at 1,000,700,000 tons. The wood employed for sleepers 
and longitudinals is supposed to amount to 1,000,700,000 stores 
(cubic metres). 

Besides guard-houses and watch-boxes built for the superin- 
tendence of the lines, the working of them has rendered neces- 
sary the construction of numerous edifices of very considerable 
importance. Twelve stations of a rank above first class are 
enumerated, among them are those of Paris, Lyons, Marseilles, 
Bordeaux. There are 130 stations of the first-class, including 
junctions, termini, and the stations in the principal cities or 
towns traversed. There remain 1058 additional stations, which 
may be divided into two classes, ^00 of them faUing into the 
second class, and 658 intty the third. 

The important stations include: — Buildings fon the passenger- 
stations, with its dependencies and out-buildings, such as various 
sheltering places, courts, and barriers; — buildings for the goods- 
stations, platforms and sheds for loading and unloading, inclines, 
cranes, and drawbridges;— constructions for feeding the engines 
with water, pipes, reservoirs, water-cranes, and stationary-engines; 
— buildings for stores, for fuel, and for tools, engines-houses, car- 
riage-houses, and sheds for plant; — shops for maintenance and re- 
pair, and manufactories for construction, of engines and carriages, 
their shafting and machinery, and stationary engines; — lastly, 
buildings for the use of octroi and customs, the offices of the 
different companies, stabling, and coach-houses. 

The rolling stock comprises 3000 locomotives and tenders, 
7000 passenger-carriages, and 60,000 trucks of various descrip- 
tions. 

The length of the lines of rails conceded was in 1850 nearly 
4000 kilometres, representing an outlay of about 7 milliards, at 
the rate of 425,000 francs per kilometre. Of this expense the 
state bears a share, amounting to about one-seventh. 

When the entire network is completed, all the departments 
will be crossed, and all the principal places communicated 
with, excepting only Mende and Digne. The principal porta 
will be in communication with the lines of rails, and the fron- 
tiers will be reached by twenty different lines. Belgium by 
seven, the German States by five, Switzerland by four, Italy by 
three, and Spain by one. The length of the railways opened 
for traffic on the 1st of January, 1860, was 9075 kilometres. 
Seventy-four departments were traversed, and sixty-five of the 
princifM^ towns communicated with. 

* FniaA;NMM«li^iuM(M*teC!9iMtniofiafw 



STRENGTH OF A BEAM FIXED AT BOTH ENDS.* 
By Thbo. Coopbr, C.E. 

The strength of such a. beam, when loaded at the centre is 
stated by many tp be, when compared with a similar beam 
ntpported at both ends, as 3 : 2. By theory, however, it should 
be as 4 : 2, or 2 : 1. In the case of a single beam, owing to 
the difficulty of perfectly fixing the ends, this theoretical result 
is not obtained; but there is a practical case in which we think 
it could be obtained, and would be of great importance, — ^that 
of a continuous beam extending over several points of support 

Let A B be such a beam, extending over several equidistant 
supports, a, 6, c, &c., and loaded at the centre of the openings 
with weights, W. The reactions at a, 6, c, &c will also be equal 
to W, and the convex portions o m of the beam will be equal 
and similar to the concave portions m n; since both are acted 
WWW 
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upon by the same forces. Evidently at the sections o, m, n, of 
the beiun there will be no strain of compression or extension; 
and were the beam separated at these points, and the parts sus- 
pended from each other, the relation of the forces in the beam 
would not be altered. This would divide the beam A B into a 
number of beams, with a length equal to one-half the opening 
abf and supported at the ends. The strength of each of these, 
representing the strength of A B, would be twice that of sepa- 
rated beams spanning the openings ab, be, &c. 

We see moreover that the beam thus loaded would break at 
both the centre and supports simultaneously. If however we 
suppose the beam A B to be loaded uniformly over its whole 
length, the reaction then being greater than the force acting 
between the supports reduced to the centre, the relation of the 
forces will be different, and we shall have as follows: — Repre- 
senting the strain at the centre of the opening by 1 ; that for 
the strain over the supports will be 2; and that tor the centre of 
a detached beam of the same span will be 3. A beam thus 
loaded would break first over tne supports, and then at the 
centre; and its strength would be to that of a supported beam 
of the same span and load as 3 : 2 (Moseley says as 3 : 1, but 
he assumes it to break at the centre.) The points o, m, w, will be 
at a distance of 0*26289 of the opening from the supports. This 
last case may be applied to a bridge continued over several piers, 
and supporting a distributed load, as a train of locomotives. 

As we gain 50 per cent, in strength by thus continuing even 
a girder of uniform chords over the piers, we see the importance 
of considering these facts. And in proportioning the chords to 
the strains we would have very different results from the case of 
a single span; for in the parts o m of the girder, the position 
of the compressive and extensile forces would be the reverse of 
that for the parts mn; the chords should be the strongest over 
the piers, and decrease towards o and m, and then again increase 
to the centre, where the strength must be to that at the ])iers 
as 1 : 2. When only one span is loaded our assumption of a 
distributed load may still be considered as true, by making a 
proper application of a system of counter-braces, to prevent the 
uprising of the unloaded spans. When we have a girder ex- 
tending over but two or three openings, our statements are 
subject to modification. 



THE NEW DISTRICT POST OFFICES OF LONDON. 

Within the last three years, great improvements have been 
made in the postal system of the metropolis, which when com- 
pleted will greatly accelerate the business of the department. 
Within a radius of three miles from the General Post-office, St. 
MartinVle-Grand, several District Offices have been erected,, 
and others are in progress or contemplated. Of those already 
erected and in operation, one is at the corner of Southampton- 
street, High Holborn; one at Islington; one at Bethnal-green; 
and another on the eastern side of Vere-street, Oxford-street; 
which Latter, having inspected, and it being a type of the othersj^ 
we will briefly describe, 

• From the * Joonua of tlt« FniUdin IiwtitQtc' ' 
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The Distriot Poei-offioe in Yere-street stands upon an irre- 
gular site, extending 100 feet in depth to Chapel-plaoe at the 
rear. The Yere-street front is £ioed with malm bricks, having 
oement-dressings to the windows, &a, and is 34 feet from centre 
to centre of the party- walls, and 50 feet high from the footpath 
to the top of the parapet Beueath this level there are larae 
and commodious basements, occupying the whole area of the 
site. The Chapel-place elevation is 65 feet in width. 

The ground-floor is in two divisions, the Yere-street portion 
being occupied as the money-order office, with a clerks* private 
office at tne back; and that extending to Chapel-place beincr 
appropriated to the sorting-room, public inquiry office, ana 
entrance lobby. 

The sorting-room is 57 ft. 6 in. long, by 46 feet wide, and 
33 feet hij^h from its floor to the upper part of the roof, from 
which it IS lighted by louvres. One of the peculiarities of this 
room is its roof, which, instead of being supported by beams of 
timber of larse scantling, is sustained by comparatively slender 
iron principals, by which there is no obstruction of light. On 
the centre of the floor are four sorting-tables, each having con- 
nected with it twenty "swing seats." These peculiar seats have 
dreular tops, and work on a vertical crane-like pivot, and when 
not occupied are swunff under the tables, thus leaving the 
avenues perfectly clear for traffic. The wall fittings comprise 
^Dur double tables, arranged for stamping letters, and partly for 
sorting; and at the southern side of the room are the charge- 
taker's and registrar's offices. On the western side of the room 
is the comptrmler's rostrum, which being elevated commands a 
perfect view of all the operations in progress over the whole area 
of the room. The ventilation of this department is eflected by 
by side lights in the lantern, the lights being regulated at the 
floor level by turning a handle, by which any desired quantity 
of air can be admitted. 

The basement is fitted up for the comfort and convenience of 
the employ h. The drainage is unexceptionable; and the foun- 
dations rest on good concrete embedded on a dense gravel, and 
consequently the walls are perfectly dry. The supply of water is 
abundant; the lavatories are spacious, and supplied with spring 
tape for preventing waste; and the water-closets beinff con- 
structed of slate and enamelled tiles, are durable and cleanly. 
On the Yere-street side there is a sorters'akitchen, and a small 
library well stocked with books and periodicals, for the special 
use of the men connected with the establishment; and at the 
rear is a kitchen of larger dimensions for the use of the large 
bodv of letter-carriers employed. 

This structura altogether fully expresses its especial purpose 
without superfluous or unmeaning embellishment Mr. James 
Williams, of Whitehall-place, surveyor of post-offices to the 
Office of Workff, furnished the designs, which have been satis- 
fiictorily carried out under his supervision by Mr. Stair Walker, 
the clerk of works. Mr. Hebb, of New North-road, Islington, 
was the contractor. 



H0TE8 OF THE MONTE. 

St. John^i Church, Chester — During the i*estorations which 
have been recently carried on in this church, amongst other less 
important decorations, as tiles, &c., there was found on the re- 
moval of the whitewash from a shaft in the north-west corner, 
a figure representing the patron of the church, painted of the 
size of life, with the action of speaking or reading from a 
book borne in one hand; on the cover of the volume is re- 
presented a lamb, symbolic of Jesus Crucified, with the red-cross 
CMinner and the cross on the head of the staff*, denoting the 
Besurrection. Some of the ancient gilding remains upon the 
nimbus surrounding this. The background represents a city, 
probably Chester, with Norman towers, and a woodland with 
deer. 

Weetmineter Street Railway,'-On the 15th ult Mr. Train 
opened the second portion of a line from Yictoria Station to 
Westminster Abbey, about a mile in leno^h. Another line is 
commenced from Westminster-bridge to Kennington-oval; and 
as it will probably not be difficult to take the Westminster cars 
across Westminster-bridge^ where tnimways already exist, the 
public will get a useful line of some length. The vestry of Is- 
lington have given Mr. Train permission to lay down his rail- 
way from the end of King-street, Lower-road, to the bridge in 
Jiew North-road* 



The Batik ofEngiand, — ^The stone employed in the building of 
the exterior of the Bank of England lias manifested evidence of 
a rapid decay; of a character similar to that in the stone of the 
New Houses of Parliament With a view to arrest the pro^pness 
of the decomposition a coating of a newly-invented comnosition 
is now, by way of experiment, in course of being applied to the 
surface of that portion of the building in Threadneedle-street 
fronting the Royal Exchange, where the principal entrance is 
situated. The building of the establishment of the Bank of 
England were erected m 1732, enlarged in 1771, improved in 
1796, and partly rebuilt in 1824. 

Inventors and the ExhUntion ^1862. — In 1851, before the pas- 
sage of the Patent Law Amendment Act, ''The Protection of 
Inventions' Act" was passed, to enable inventors to ^hibit their 
inventions in the Great Exhibition without prejuftcing their 
rights to secure a patent afterwards. No fees were required 
under this act, and about 600 inventors availed themselves of 
the privilege which it afforded. The commissioners of the ap- 

E reaching exhibition, having had the matter under consideration, 
ave concluded that no similar protection will be again required, 
the present patent law being adequate to all needful protection, 
and at very moderate cost. 

Photo-Zincography, — Mr. Gladstone, a short time ago, says the 
Athemeumy consulted Sir Henry James on the possibility of 
copying our ancient records by means of his process of photo- 
zincography. A small deed of the date of Edward L was copied 
and printed with so much success, and at so triflins an expense, 
that Lord Herbert of Lea, the Secret ry-at-War, ordered the im- 

gressions to be bound up with the yearlv report on the Ordnance 
urvey. Thus encouraged. Sir Henry James got permission from 
the Lords of the Treasury to copy that part of the Doomsday 
Book which relates to Cornwall, as an experiment He has now 
achieved this commission, with a result which should certainly 
encourage the further prosecution of the design, county by county, 
as appears to have been originally proposed by him. Those 
who care to have no more of Doomsday Book on their shelves 
than relates to their own shire can buy the local part; those who 
wish to have the whole can bind the several parts into volumes. 
The work is to be published, we believe, at cost price, or nearly 
so. 

The Chapel Royal in the Savoy, — ^The restoration of the ancient 
Chapel Royal in the Savoy, which is in connection with the 
Ducuy of Lancaster, is in every way complete, and has just been 
re-opened for worship. The beautiful heraldic devices on the 
ceiling have been brought out with great effect, and are perhaps 
the finest specimens of such works of art in the kingdom. For 
a long series of years they were hidden under repeated coats of 
whitewash, but in 1843 Mr. John Cochrane, a bookseller in the 
Strand, having been appointed chapel-warden, brought his anti- 
quarian knowledge to bear on the neglected ceiling. His exer- 
tions were rewarded by the discovery of these exquisite devices, 
which from the south to the centre are those of the Houses of 
York and Lancaster, while those from the centre to the north 
represent various incidents connected with the Cross and Passion 
of the Saviour. Two new panels and several pipes have been 
added to the organ. One or two modem monuments at the 
south end, which were injured by the fire, have been restored; 
all the ancient monuments at the north end were fortunately 
uninjured. 

Dwellings for Working Men at Leeds.-- An experiment, of con- 
siderable social interest, has just been commenced at Leeds, tu 
provide model cottages suitable for working men. The pro- 
motel's of the scheme are anxious that the better class of working 
people should possess houses of their own; and the society now 
organised proposes to hand over a cottage to a proper applicant 
on payment of £25 in cash, and the weekly sum of 5s, during 
thirteen years. It has been decided to erect ten houses, each 
having a garden in front and a yard and outbuildings at the rear. 
Mr. Ambler, architect, has made the design, which is Elizabethan. 
On the ground-floor will be a parlour, 15 ft. 2 in. by 11 ft. 6 in.; 
and kitchen, 15 ft 2 in. by 12 feet. On the floor above are 
three bedrooms, having separate doors, the front one same size 
as the parlour. The staircase runs from the kitchen. The cost, 
including land and mortgage, is not to exceed j£l50 on each 
house. This is an excellent scheme. If the cottages now com- 
menced are taken up by the class for whom they are intended, 
the movement is to be at once extended, and a nnmber of 
cheaper cottages built on a similar principle. 



LENDAL BRIDGE, OVEK THE OU 6E , YORK:, wtd^edgk . c K. 
Delatiis of Girders. 
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LENDAL BRIDGE, YORK. 
(IFUh Engravings.) 

The iron girder bridge of which we give illustrations in Plates 
XVIL and XVITI. is now being erected from the designs of 
Mr. Dredge, C.E., across the river Ouse, at Lendal Ferry, York. 
It crosses the river at an an^le of 84 degrees, and has a clear 
span of 175 ft. 6 in. The width of the bridge is 41 ft 6 in., 
divided into two footways each 7 ft. 6 in., and a central carriage- 
way of 19 feet, making in all 34 feet, the remaining 7 ft 6 in, 
being occupied by the width of the girders. 

The approach walls are of brick and the abutments of masonry, 
bailt on piled fonndations. The bearing piles are driven about 
28 ft. in the gravel; they are 13 in. by 13 in., and spaced 3 ft 
apart, measui^^ from centre to centre; there are 160 of these 
piles under each abutment, and they are surrounded with sheet 
piles. Within the sheet piling and between the bearing piles the 
ffround is excavated to the depth of about 10 feet below summer 
level of the water; and the space so excavated up to about 6 feet 
below the same level is fillea with concrete. The bearing piles 
are cut off at this level, and York landings laid thereon, upon 
which the masonry of the abutments is built. 

The girders are each 183 ft. 6 in. long and 15 feet deep. The road- 
way is constructed within the girders at the level indicated in the 
elevation, Plate XVIL The headway between the summer level 
of the river and the underside of the girders is 22 ft. 6 in. The 
girders are constructed with top and bottom members of plate 
and angle irons, connected with a web of lattice-bars at an angle 
of 45®, sti'ongly rivetted to top and bottom members. At a 
distance of 7 ft 6 in. apart, measuring along the entire length of 
the girders, vertical stiffening plates are fixed, for the purpose of 
givine lateral stiffness on both sides of the girders, as shown in 
the elevation. The ends of girders are finished off with ver-> 
tioal plates and angle-bars of the section of top member, upon 
rollers on bed plates, having a bearing of 4 feet on each side. 
The two central large girders are each constructed of two girders 
precisely the same as those just described, and connected both 
at top and bottom members by covering plates 30 inches wide, 
as shown in the plan: the interior vertical stiffening plates 
being connected by aiagonal bracings. Thu bed-plates upon which 
the girders rest, lay upon the abutments and are secured thereto, 
those beneath the central girders are 8 feet by 5, and the outside 
one 8 feet bpr 3 ft 6 in. These bed-plates are of cast-iron 2^ inches 
thick, havmg the surface planed, upon which are placed the 
roller-frames, each containing eight 4-inch steel rollers, turned, 
and which carry the main fillers of the bridge. 

The footway girders are braced to the large girders by strong 
horizontal and diagonal bracing, rivetted to top member, as 
shown in Fig. 5, PI. XVIII.; similar bracing being also attached 
to the bottom flanges. The two large girders are also similarly 
connected and braced at the level of the bottom flange, as seen 
in Kg. 5. 

Both carriage and foot-ways are carried upon wrought-iron cross- 
girders, spaced 3 ft. 9. in. apart, and secured at the ends to the 
principal girders. A covering of corrugated plate rests upon 
the top flange of cross-girders, and is secured thereto; the plates 
for the carriageway being finch thick, those for the footway 
^-inch thick. Gutters are laid along the side of the carriageway 
and footways for drainage, which run towards the North-street 
abutment and are then carried down pipes. 

The carriageway is formed by laying a concrete of cement and 
gravel about 3 inches thick over the corrugated plates, which con- 
crete is covered with 4 inches of road-metal, 'foe footpaths are 
formed with 2 inches of similar concrete, covered with 1 inch of 
asphalte. At the ends of the roadway girders lamps are erected 
in the positions shown on the plan. At each end of the bridge 
gates are fixed, and made when open to fold within the girders. 

The approach road across the opening opposite the North- 
street postern is carried by eleven light iron girders, 1 ft. 5 in. 
deep, placed 4 feet apart, and resting upon the side walls, the 
corrugated plates f-inch thick resting upon the top flanges, and 
rivetted thereto. Diagonal bracing is introduced beneath the 
roadway to give lateral stiffness. A light cast-iron rail is fixed 
on each side of the bridge. The carriageway and footway are 
formed of concrete and road-metal, as described for the carriage- 
way and footway of the bridge. The weight of iron in the bridge 
is about 450 tons. The cost, including the abutments and ap- 
proaches, is estimated at ^£17,500. 

As stated above, Mr. Dredge is the engineer of the bridge, 



and it is now being executed under the immediate super- 
intendence of Mr. Hckersgill, city surveyor, York. Messrs. 
Calvert) of York, are the contractors for the ironwork. 
RtferenetB to lUuttratumi. 
Plate XVII.— Elevation and Plan. 

A. General plan, Bhowing roadway and footways. 

B. Portion of bridge with road-metalling removed to show the corru* 

gated plates. 
CC. Exhibits the bracing and cross-girders, with corrugated plates and 

road-metalling removed. 
The dotted lines a, o, e, d, e, f, on plan represent central lines of bearers 

of the corrugated plates. 

Platb XVIII.— Details of Large Road Girders, &c. 

Fio. 1. — Elevation of portion of girder at bearing, and plans of top 

and bottom members of ditto. 



d, d, Bearing plate of paddled steel. 
4 ft. 8 in. by 2 ft. 6 in. by 1 in. 

e, e, Cover pUtes, 2 ft. 6 in. by 1 ft. 
6 in. by { in. 



a, a, a, Doable vertical plates, 20 in. 

by f m. 
bt Two angle irons, 34 in. by 8} in. 

by t in. 
Cy c, T'irons, 6 in. by 4 in. by ^ in. 

Fig. 2. — Section of portion of girder taken at AA Fig. 1. 

/, /, Plate l-inch. 

Fio. 8. — Elevation of portion of girder at centre of bridge, and plans of 

top and bottom members of ditto. 



i, i, Two angle-irons, 2^ in. by 2 in. 
by I in. 



g, g. Triple vertical plate, 20 in by 

I in. 
Ay A, T'iroD*» same as in Fig. 1. 

Fia. 4. — Section of portion of girder taken at BB Fig. 8. 
y, jf Lattice bars, 1^ in. by f in. | h, Foar plates, 2 ft. 6 in. by 4 in. 

Z, Foar pUtes, 2 ft. 6 in. by { in. 

Fig. 5. — ^Transverse section of half of bridge, showing one footway and 

half of roadway. 



fit, Concreted footway. 

m 1, Boad-metal. 

m 2, Asphalte, 1 in. thick. 

M, n, Angle-irons, 2} in. by 2} in. 

by fin. 
n\ n\ Ditto, 8 in. by 8 in. by f in. 



0, 0, Corrugated plates, 8 ft. 10 J in. 

by i in. 
o' 0', Ditto, 4 ft. 1| in. by \ in. 
jp, Pf Angle bars, 2 in. by { in. 
9, 9, Ditto, 8 in. by \ in. 



ARCHITECTURE AT THE ROYAL ACADEMY. 

DuRiKQ the past twelvemonth considerable alterations have 
been made in the internal arrangements of the National Oallery 
in Trafalgar-square, alterations which have before been adverted 
to in our current notices,* and which materially aifect the space 
allotted for the eidiibition of the national collection of pictures, 
and that devoted to the annual exhibition of the Royal Academy. 
It will suffice therefore brieflv to recapituUte that the whole of 
the centre of the building has been remodelled, the two handsome 
staircases constituting the respective approaches, with their di- 
visional screen of columns, oeing entirely swept away, thus 
destroying the unique and most successful architectui-al effect in 
the whole building, the only misfortune of which was that it 
occupied, perhaps, too much room in so limited an area; the old 
Sculpture Room, so small and gloOmy, has given, place to a more 
ample one, but with too much light, or rather with too many 
openinj^s, since there is far too much reflected light to show 
the objects properly; while over this room, and by taking in a 
portion of the old staircase, an important addition is made to the 
National Oallery, in the shape of an entirely new and well 
adapted room, of spacious proportions, which with the other 
moaifications has been very skilfully carried out by Mr. Penne- 
thome. As may be expected, the half till lately occupied by the 
Royal Academy has suffered much by these encroadiments, so 
that it is now high time that for its own sake it shifted its 
quarters to Burlington House, or somewhere else where its re- 
quirements may be better met, and without trespassing longer 
on space that can so ill be spared. 

The access to the Academy exhibition is by the former entrance 
under the principal portico, whence the visitor enters the now 
meagre and unarchitectural lobby (for it does not deserve the 
title of haU)f and immediately finds himself at the foot of a narrow 
awkwardly-contrived staircascL which ushers him, without cere- 
mony, at once into the first of the suite of rooms, — ^in fact, the 
original "Miniature Room," as it was termed. It will be re- 
membered that, in the former arrangement, the passage or cor- 
ridor separated this room from one opposite of corresponding 
size, known of yore as the "Architectural Room," but more 
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recently as the "North Boom." Bat the aforesaid corridor no 
longer exists, its space beinff thrown into the North Room and 
one beyond. This change nas involved, of course, new ceilings 
and lighting, while, on the score of comfort for exhibition pur- 
poses, it is certainly an improvement 

The Sculpture Boom is, as we have intimated, considerably 
enlarged, and so planned as to give the appearance of three 
apartments with one common approach, not of the moet elegant 
kind, being, literally, down two or three steps round a dark 
corner. 

In the now enlar^ North Boom the architectural drawings 
find their sole locality, and even this is more than twice as large 
as either the drawings submitted were deemed worthy to occupy, 
or the space which the Academy "hangers" agreed to devote. The 
number of architectural works thus exhibited is only between 
sixty and seventy; nor is their want of numbers redeemed by 
super-excellence of quality, for, both as regards the subjects 
themselves, and as specimens of art delineation, they are by no 
means equal to those of last year. Added to this, we observe 
that the B.A. architects are entirely unrepresent^, excepting 
Mr. Scott (who has since the last season attained to full honours), 
and the new Associate, Mr. E. M. Barry; and the contributions 
,of these two gentlemen are among the most conspicuous, as well 
as meritorious, in the room. 

To commence our more deliberate survey: the first three pic- 
tures being hung actually above the door suggests our protesting, 
as we are from year to year compelled to do, against the absurd 
— not to say un&ir — practice of placing works of this class at 
such a height above the eye that it is next to impossible, even 
with the most persevering scrutiny, to arrive at anything like 
an adeouate conception of what they are intended to convey. 
We shall have to endorse our comments on many a promising 
picture with this drawback, and must condole with their authors 
under such treatment: but, possibly, out of the evil good may 
comie; and since the Academy seems to hold our noble professson 
in such light esteem, the Architectural Exhibition per ee, in 
Conduit-street, may thrive through this neglect — and we heartily 
wish it may do so, though there are abundance of reasons why 
the two should pursue, with increasing vigour, an uninterrupted 
course of prosperity, since each has its special claims, its spe- 
ciality of purpose, and its special means of diffusing an acquaint- 
ance with and taste for the art. 

Granting for a moment that certain pictures are to have this 
lofty destination, there are not any works more telling at a dis- 
tance than those of Mr. RW. Billings, whose name inaugurates the 
architectural list, and who, in (654 and 656), gives views of parts 
of the extensive alterations he is now making in Dalzell Caslle. 
Mr. Hamilton, the distinguidhed owner of the mansion, may be 
congratulated on having secured the professional services of an 
architect who, beyond all others, is conversant with the Baronial 
Antiquities of Scotland, and who adds to this knowledge a 
£Eicility of design and contrivance which gives the stamp at least 
of originality and fitness, which is quite refreshing in tnese days 
of precedent and plagiarism. As Mr. Billings revels in master- 
ing difficulties of all kinds, and there were doubtless some in 
designing the works before us, key-plans would not have been 
unserviceable, and, had they been supplied, it is just possible 
that the drawings themselves might have found a more covetable 
place. As it is, we see the rugged outlines, massive corbelling, 
and round turrets, inseparable from Scottish architecture, as 
salient points in the design, and distributed with a skilful hand, 
having an eye to the markedly picturesque as well as the useful. 
No. 655 (which suffers by its position between the two drawings 
just named, as well as its being also over the door) professes to 
illustrate, in •* Villas erected at Boupell-park," the new mode of 
hai/4itnbered construction, as practised by the architect, Mr. 
Taylor, jun. In a such a position it is absolutely impossible to 
examine the diagrams, and we are not sufficiently acquainted 
with the practical results of this method to offer any opinion 
on its expediency. 

"Duncrub Castle, near Perth," now erecting by Mr. Haber- 
shon (657), is another of the many Scottish mansions we see 
delineated around, and apparently among the most important. 
In our opinion it has the niult of not being sufficiently in keeping 
with either a castellated edifice or the bold uncompromising cha- 
i-acteristics of the country itself. A more successful composition 
of this kind is (661), "Additions to Killyleagh Castle,'' by Mr. 
Ferrey, but ev«n this, in spite of its battering walls, and ortho- 
dox looking gateway, lacks much of the nerve and feeling of 



that genuine ancient work which it too feebly imitates. The 
castle itself (which is here seen within the new inclosing wall), 
is we presume an old one; it certainly appears to have that cha- 
racter in a very satisfactory degree. Mr. Ferrey also exhibits 
two other residences, " Bulstrode, a seat of the Duke of Somer- 
set*' (693), which is very common-place Gothic, and "Wynnstay 
House" (705X now erecting for Sir Watkin W. Wynn, which, 
beyond its extent, has little to recommend ii; both are exces- 
sively tame, and unworthy of the author's name and reputation. 
Nor can we much commend Mr. Kempson's design for the 
" Hereford Clock Tower" (659), of which competition so goodly 
an array of designs may be seen in the Conduit-street galleries. 
It consists of a square tower, of campanile proportions, but 
treated in the more ornate style of Gothic, with an ooti4;onal 
staircase at one angle, which is continued up to the top. The 
whole is capped by a dwarfish spire, rising behind the parapet. 

The "Interior of Grand Staircase" in Mr. Dickson's new man- 
sion at Gottenburg, Sweden (662), now being erected by Mr. W* 
A. Boulnois, is a very beautiful Classic design. There is abund- 
ance of space, so that scope is afforded for a thorough archi- 
tectural composition, in which piers with semi-circular arches 
constitute the most prominent feature. These act as a screea 
from the corridor behind — a not uncommon arrangement on the 
whole, but susceptible of considerable variety, according to the 
fiuicy of the designer. In the view before us the introduction of 
sculptured panels here and there is of great service, as is also 
the value of colour, as indicated by the Sienna scagliola and 
other marbles, while additional brilliancy is imparted by the 
sparkling design of the brass (or gilt?) railing. There is however 
one portion which seems hardly in keeping with the rest — viz. 
the plain, flat, shallow skylight, but this is a matter that will 
perhaps suggest itself for reconsideration. The execution of 
the picture is unusually good. Mr. EL Glutton's "Interior of 
the New Chapel" in the Roman Catholic church, at Farm- 
street, London (663), and Mr. Bentle/s "Study for a Chancel" 
(671), may pass almost under the same comments, so all bat 
identical are they in design. Both are decidedly moet praise- 
worthy deviations from the beaten track, and, making every 
allowance for the powerful colouring of the architectural artist, 
afford a refreshing field of study. The chancel arch in each is 
similarly composed, and its inner rim springs from coupled cor- 
bel shafts of marble, which, with the parts adjoining, produce a 
a very handsome effect. Marble shafts and arcade work are also 
liberally employed on the wall surfaces generally, but the most 
peculiar exception is in the omission of the window which by all 
but universal consent should occupy the east end. In these two 
drawings, however, it is entirely wanting, the place being filled 
with a blank arcade of a ceutie and two half trefoil arches, their 
receding surfaces as well as the rest of the uncarved walling 
being enriched with figure subjects in fresco. Colour is, in 
truth, the predominant element in the designs, and scattered 
with lavish exuberance; but while we cannot but aiimire the skill 
which has so harmoniously blended the most brilliant, and we 
might say gaudy hues, we must repeat our regret at finding it 
so frequently made the chief instead of a subservient element in 
designs. 

Among the street improvements for London, none would be 
more welcome than a satisfactory solution of the difficulty of 
Holbom-hill. Many schemes are, as our readers know, afloat^ 
proving the desirableness of something definite being arrived at; 
while Victoria-street and the contemplated openings northward, 
which will bring in so large an amount of extra traffic, would 
seem to necessitate some pi*actical solution of the question ere 
long. In (664, 672) Mr. F. Marrable, the late architect to the 
Board of Works, submits an elaborate scheme, in certain respects 
not unlike some which have heretofore been brought before the 
public, and which appears calculated to accomplish the object 
perfectly. Half of tlie roadway is proposed to be raised (to a 
level, we presume) between St. Sepulchre's Church and Hatton- 

farden, forming a viaduct, with a series of shops gained in the 
ifference between the height of the present and contemplated 
levels, while Victoria-street would be spanned by an elliptical 
iron girder bridge. The two drawings now exhibited show what 
would be the general effect, as viewed respectively from Snow- 
hill to Hatton-garden and vice versd. Bronzed sculpture is intro- 
duced on pedestals terminating the balustrades of the roadway. 

(665) ** The Beauchamp Almshouses, to be erected at Newland, 
near Malvern," by Mr. P. C. Haiti wick, form an extensive range^ 
planned so as to make three sides of a quadrangle, with additional 
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return buildings as wings. In the centre of the principal front 
IB the flateway, which very properly distingnishes itselt as such ; 
while immediately contiguous, on the right, is the chapel, which 
bv-the-bye has a chancel, and is otherwise quite ecclesiastical in 
cnaraeter, besides beinff built of stone, while the almshouses 
generally are of red bride with white dressings. We are glad to 
notice the snngness of the sheltered doorways, so cotaducive to 
the comfort of the inmates. "Bodelwyddan Church,** near St 
Asaph, by Mr. Gibson, and of which a large and showy interior 
of the chancel is given in (667), is known as one of the costliest 
and most elaborate of modern churches, and, it having been fre- 
quently illustrated of late, is doubtless already too familiar to our 
readers to need describing again. We should be glad to be able 
to speak in terms of recommendation of Mr. G. S. Clarke's 
<' Blind Asylum, Brighton" (668), but the skill which that gen- 
tleman usually exerts in his domestic buildings appears to have 
fkiled him here. With the shape of its outline perhaps we ought 
not to quarrel, as that might have been imposed by circumstances, 
but surely Mr. Clarke could have given us something more 
agreeable in the diape of windows than a repeated repetition of 
the everlasting Ducal Palace windows at Venice. The whole 
design has a commonplace look, from which the best of careful 
details is not likely to extricate it Messrs. W. and A. Moseley, 
in their "Hotel at Liverpool" (670), have apparently succeeded 
in producing a clever Italian design, not sdtogether dissimilar 
from the New Westminster Palace Hotel, thougn of course on a 
smaller scale; but the picture being hun^ above the line, and 
withal being diminutive in its parts, it is impossible to allude to 
it more critically here. 

(7*0 be conduded m our next.) 



THE EMBANKMENT OF THE THAMES. 

SnrcB we referred to this subject in our last number, the Boyal 
Commissioners have been busily engaged in the consideration of 
the various plans submitted to them lor this undertaking. The 
labour has been considerable, upwards of fifty different plana 
having been sent in, many of them accompanied by models and 
elaboi-ately executed views; while the author of each design has 
had full opportunity of explaining verbally its arrangements in 
detail to the commissioners. We shall look anxionslv for the 
Nsnlt of the investigations of the commissioners, and nope that 
at last this long-talked-of but as yet unattempted work will be 
effidentlv carried out. Of the various metropolitan improve- 
ments which have from time to time been suggested, there seems 
to us not one more obviously needed than this; and yet by some 
strange fatality it has hardly ever got beyond the suggestive 
alage, except when (in 1844) government took up the matter, and 
appointed commissioners apon the subject, who, after the exami- 
nation of sundry schemes and the preparation of a most valuable 
and elaborate report,^ finally recommended a modification of that 
designed by Mr. Page — and there the matter ended. May the 
labours of the present commissioners have a more substantial 
resnlt 

The various plans now submitted may be divided into those 
which provide an embankment detached from the present shore, 
with either separate docks or a canal between, and those which 
merely wopose an extension of the present shore further into the 
river. Besides these, schemes have been submitted for forming 
tidal dams, in one case at Blackwall Reach and in the other at 
London-bridge, and for the construction of a navigable cut from 
Battersea to Limehouse, communicating with the river at these 
points by locks; and converting that part of the Thames lying 
oetween the extremities of the cut into a large lake. 

In the detail of what may be termed the supplementary part 
of the designs, affecting especially the remunerative character of 
the various plans, such as the provision for warehouses and other 
buildings, a great variety exists; though into this part of the 
question it is hardly necessary to enter, as all designs of the 
same character admit of the same modifications, while such con- 
siderations are of course secondary to the important ones of 
affording oonvenience to the traffic and improving the navigation 
of the nver. 

The navigation of the river being similarly affected by the 
detached and attached embankments, the first question to be 
considered is the affording fisu^ilities to the river-side traffic. And 
we think that this point is one deserving of more consideration 
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than many of the competitors appear to have given to it: indeed, 
in some instances considerable interference with this trade is 
admitted to be a necessary accompaniment of the particular 
scheme; while, to our thinking, one of the very greatest recom- 
mendations which any plan could possess would be the diminu- 
tion of the cost of lanaing and warehousing goods. The river 
carrying-trade is a most important one, and as much deserving 
of encouragement, and as capable of proportional development 
as that of our thoroughfares. 

The advocates of detached embankments with docks — ^amongst 
whom are to be found Mr. Page, Messrs. Fowler, Fulton, and 
Hemans, Mr.Bendel, Mr.Bazalgette, Mr. Bird,&c. — would by their 
plans secure access to the docks for several hours at each tide, while 
the vessels, being kept always afloat, would have every facility 
for loading and unloading. Any person who has observed the 
great amount of labour in unloading barges, in consequence of 
the present state of the foreshore, will be at once struck with the 
great advantages of this ariangement. At present the barges lie 
stranded in front of the wharves for several hours at each tide, 
and the load has to be carried bv men acro«>s planks for a very 
considerable distance. One of the most important features in 
the new arrangement, it will therefore be at once evident, is that 
of a direct hoUt from the barges to the warehouses, and thence 
into the already-existing streets. This would certainly appear to 
be more pei'fectly provided by the plans with the detached em- 
bankments and docks, than by those which attach the embank- 
ment to the present shores: the warehouses rising from the water's 
edge, and direct hoists being obtainable to every floor, while the 
goods can be as readily transferred from the warehouses into 
waggons in the existing streets behind them. In the case of 
those plans which merely propose an extension of the present 
foreshore into the river, these advantages do not appear to be so 
fully secured They all, with we believe but one exception, pro- 
vide for barges floating to the sides of the quay at all times of the 
tide; but it will be at once evident that there cannot be a direct 
hoist to all the floors of the adjacent warehouses, as the goods 
must pass either under or over the embankment roadway. The 
barges in some cases lie six or seven deep alongside the wharf, 
and the difficulty of mooring, or, when loaded or unloaded, of 
shifting them from the quay side while lying in the open river 
exposed to the swell of the steamers, will be at once observable. 

The opponents of the detached embankment contend that 
the docks can only be used at certain times at each tide; but 
taking into consideration that the bulk of the traffic is ascending 
and descending the river during a great portion of each tide, it 
would appear that this objection is not really of so much weight 
as at first sight it seems to be. It is however of the utmost 
importance that free access to the docks should be obtained for 
as lonff a period as possible at each tide; and while, to our think- 
ing, this requirement presents an insuperable barrier to the 
adoption of lock entrances, it will no doubt have great weight in 
determining the position of the low-level sewer. The formation 
of the sewer in tne embankment would be the most economical, 
as the solid mass surrounding it would prevent the possibility 
of disruption; but, by thus carrying it across the entrances to 
the docks, the depth of water at those points must be conside- 
rably diminished. Let the sewer however be placed on the land 
side of the docks, and there need be but slight limitation to the 
time during which access can be obtained to them. One thing 
however we think is very certain, that there can be no proper 
construction of the main sewer along the land side of the docks 
without an entire remodelling of the present wharf frontages, as 
mentioned in our May number: though, should it be considered 
that such an interference would be prejudicial to the scheme, it 
might, as has been suggested, be constructed without any inter- 
ference with the property along the shore, in a solid embankment 
or quay outside and immediately in front of the existing wharves 
and warehouses; the sewer would thus be more accessible than if 
it were carried below the water in the docks; while the only im- 
pediment to the approach of barges from the river to the docks at 
certain times of the tide would tnus be removed. A direct hoist 
to all the floors of the warehouses would be obtainable by this 
arrangement at the option of the owners, by simply bringing for- 
ward the first and upper floors to the face of the quay wail. 
These projecting floors would be supported by iron columns,, 
forming on the ground floor an open colonnade or covered quay. 

A most iuffenious method of constructing the sewer has been 
devised by Mr. Page, which we will give in his own words, 
merely premising that he proposes to imbed the circular sewer 
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in a mass of concrete: he says — ''I should soggest that the lower 
half of the circle shoald be formed of concrete made of Portland 
cement and gravel; that the excavation being formed with sloped 
sides, a semicircalar iron mould should be slung and fixed at the 
proper height, of a diameter 18 inches greater than the finished 
sewer, to lulow of a lining of very hard bricks. This mould or 
inverted centre being in place, the concrete would be shot in on 
both sides, and the lower half of the structure rapidly completed, 
the 9-inch lining formed, and the remainder of the sewer, the 
sides and crown above the centre, built in brickwork." 

The level of the roadway will of course be mainly determined 
by the headway to be provided at the entrances to the docks. 
We think however it will be found that the only barges requiring 
great height are those loaded with hay and straw; and it is a 
question well worth consideration at such a time as this, with 
the recollection of the recent disastrous fire at the wharf near 
Cannon-row, whether traffic in such a dancerously combustible 
commodity should be permitted on the Middlesex shore, in the 
midst of so dense a mass of buildings. The oi*dinary masted 
barges could of course lower their masts in passing under the 
roadway. It is to be hoped that the embankment will be kept 
as nearly as possible at the same level throughout, and that the 
symmetry of the work and the convenience of the traffic will 
not be impaired by any undue requirements on the part of the 
honoui'able societies of the Temple, or other private interests. 

Much has been said in favour of the construction of a railway 
along the river side: if it be constructed we hope it will be kept 
below the general level, as suggested b^ Mr. Pace, Mr. Bird, Mr. 
Brooks, and others; though it appears probable that, with the 
facilities afforded by the railways now in progress, there will be 
no urgent necessity for one; and we think a tramway far better 
adapted in this instance to the purposes of the passenger traffic. 

We must not omit to notice several ingenious plans for forming 
the embankment in connection with the present shore, submitted 
by Mr. Shields, Mr. Turner (of Dublin), Mr. Walmsley, Mr. H. G. 
Coombs, Mr. Brooks, Mr. Gohns, and others. Mr. Turner's plans 
are accompanied by some very tastefully-designed warehouse 
frontages. We purpose in our next number to give drawings and 
descriptions of some of the principal schemes which have been 
submitted — this we had hoped to have done in the present 
number, but have been compelled to postpone it in consequence 
of the lateness of the period at which we received some of the 
necessary information. 



BUILDING MATERIALS, INVENTIONS, &a AT THE 
ARCHITECTURAL EXHIBITION. 

SECOND NOTICB. 

Ws conclude our remarks on this department by noticing a 
few of the remaining works which the pressure on our space last 
month compelled us to postpone. 

Several excellent specimens of sculpture will be observed in 
different parts of the rooms, but none perhaps is better than the 
figure of St John the Evangilist, which stands on a foliated stone 
bracket against the pilaster of the mat gallery (199), and is by , 
Messrs. Swales and Grassby. So luso, in another style of art, 
the model of a font executed in statuary marble by Mr. J. For- 
syth, for Whitley Church (138), is deserving of much praise. The 
group of angels supporting the bowl is a good idea, and charmingly 
carried out Of models in plaster we may point to those exhibited 
by Mr. Phyffers (213), as executed under the direction of Messrs. 
Hardwick, Teuton, H. Clutton, and Burges. Of these, the monu- 
ment to Lady Suffield, executed in alabaster, from the designs of the 
latter architect, is a beautiful composition, displaying uuusal skilL 

Messrs. Jackson's carton-pierre and papier-mache ornaments 
have been so long approvingly tested by the public that it is need- 
less to advert to them in detail; but we may draw attention to 
the very beautiful door-cap frieze, as introduced in the sumptuous 
decorations at Cloth workers*-hall (209). In Medisval Metal work 
the show is very superior, especially the contributions of Messrs. 
Hart and Son, who have a goodly array, and of Messrs. Johnston, 
who exhibit several articles excellently designed by Mr.G.Truefitt 
Messrs. Cox and Son again contribute church furniture and spe- 
cimens of their excellent wood-carving. 

Specimens of paperhangings are not so abundant as in pre- 
vious years, but those by Messrs. Scott, Cuthbertson, and Co. 
(210), show the high state of ehboration to which this manu- 
facture has now attained. In those for dining and drawing 
rooms a novel feature is presented, called an *' Italian Pilaster, 



which is 80 printed in flock as to become in relievo, npoii 
which two golds are applied, thus producing a raised ornamental 
desi^ not hitherto executed in papw stainmg, capable of beim^ 
apphed to stars or set figures generally over the walls, and 
with excellent effect On another panel is shown a new pro- 
068S of printing, and of repeating the printing of one flock 
upon another; this is capable of producing a very high relief. 
It is first hung upon the wall, and then painted of anv desired 
colour, and shows no joint, exhibiting a perfect and beautiful 
relievo pattern. The price commences at 8d, per yard." A very 
handsome lectern (400) stands in the principal room. The name 
of the designer is not mentioned, but it is altogether a superior 
production. It is considerably enriched by colour. 

Mr. Norman Shaw's Bookcase and Writuig Table (212), exe- 
cuted in oak, and inlaid with different kinds of woods, by Mr. 
Forsyth, is a clever Mediaeval conceit It is large, and minutely 
finished in every part, abounding in arcades, shafts, zigzags^ 
crestings, and other orthodox features; but why the upper stage 
should be made to lean forward appears inexplicable; the ano- 
maly being the more glaring inasmuch as it seems contrary to 
the principle of shafted arcades that they should be otherwise than 
vertical The hinges and locks manufactured by Mr. Leaver, of 
Maidenhead, are amongthe most satisfactory parts of the design. 

The uses of Davis's Patent Marmolite are shown practically 
in several specimens in (214^ also ffenerally in a perspective 
drawing in the first room of the Exhibition (71). In the first of 
these we have silvered fflass, with letters in gold and colour, and 
painted figures, executed by Mr. Homer, which is well calculated 
to display the quality of the invention, which is stated to ** pro- 
tect absolutely the silvered glass and painted design from all 
atmospheric influence— heat, cold, or damp, and rendering it in- 
destructible except by extreme force. This protection, combining 
as it does mechanicad with chemical agencies, removes one of 
the greatest obstacles hitherto presented to the extension of deco- 
rative art for ornamental and useful purposes, more especially in 
the open air, or in superheated chambers, nich as theatres, 
concert-rooms, &c'' There are also various specimens of Imi- 
tated Marbles, of Stencilling "Marmolited," and of plain Mar- 
molited surfaces for walls, &c. On the whole the invention 
seems likely to be a serviceable one, but as regards this, and 
many other of the "materials" around, no information whatever 
is given on the subject of prices. This is a great mistake, and 
must surely arise from inadvertence on the part of the several 
proprietors, but time is left yet for them m some degree to 
remedy the omission. 



THE 



ARCHITECTURAL EXHIBITION. 
{Concluded from page 126.) 

Rbsuminq our notice of this exhibition, we shall first mention 
a sheet of "Old Architectural Drawings" (140), simikr to some 
that appeared from the same source on a former year. They 
include two sketches in Caen by the celebrated J. S. Cotman, 
also a "Dwign for a ceiling," by Sir James Thorahill. In all of 
these the interest centres quite as much in the artists themselves 
as on the subjects they have pencilled. (141) and (165) inasmuch 
as they are companion pictures, illustratinff one another, should 
of course have been placed near enough to be examined together, 
instead of, as now, quite apart. JEUich frame contains several 
oaref ally-drawn and tinted perspectives of "Buildings reoenUy 
erected on the Spring Grove Estate, Middlesex, W.," by Mr. T. 
Page, consisting almost exclusively of detached villas and the 
schools. While the latter are quite of the stereotyped kind, we 
observe that the former are treated with considerable variety in 
design and style, and appear uniformly of good proportions, 
though the smallness of the scale to which they are shown 
precludes detailed criticism. It may be remarked, however, 
that the prevailingmaterials as indicated are red brick, with 
stone dressings. The key-plans which are added appear well 
arranged. 

Mr. R J. Withers is, as usual, an abundant contributor. In 
(144) we have six anastatic views of simple village churches, 
designed or restored by that gentleman. In these there is 
nothing to call for special remarl^ unless it be in commendation 
of the novelty of treatment displayed in the west end of the 
" New Quay Church, Cardiganshire," as proposed to be rebuilt, 
and in which the two massive buttresses which support the bell 
turret (square at the base, and octagonal above) are ingeniously 
interwoven with the lighter screen which forms an extendea 
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•helter to the entrances: the groaping of the whole is exceedingly 
good. 

We now approach (145) one of the very few schemes for poly- 
diromatic deeoration which the exhibition presents. It is eccle- 
■iastical, and execated by Messrs. Clayton and Bell, in the 
^'Tjrmpannm over chancel arch, Salterhebble Church, York- 
shire.'' The subject is the Ascension, the principal figure oo- 
enpying the centre, above the apex of the arch, and inclosed in a 
vesica, while, lower down, are ranged the aposUea, six on each 
side, whose upward gaze is directed to the rising Saviour; while 
appropriate texts, in Latin, are interspersed on scrolls. The 
complexion of the whole is in sympathy with archaic precedent, 
the figures being severely outlined, and scanty rather than pro- 
ftise in colour. Good and careful drawing is evident throughout 

In Mr. C. H. Cooke's "Design submitted in competition for 
new Almshouses, Faversham" (160), we regret to oiwerve that 
an ad eapiandum style (which may be considered all but syno- 
nymous with otrnipeft^n) appears to have betrayed him into sacri- 
ficing the common-sense simplicity which should pervade this 
class of building, for the sake of getting a so-called effect by 
perpetually irre^lar forms and broken outlines. This is espe- 
eiaUy reprehensible in a long-stretched frontage like that before 
na, for these uniformly-recurring small breaks on plan, instead 
of insuring variety and picturesqueness, as was probably the 
anther's aim, are in reality but a species of monotony, and that 
of the most meagre kind. We must also take exception, too, 
to the crockettins of the spirelet to the chapel staircase, which 
would have beenoetter omitted, as also that to the lead (?) spires 
near the two wings. The chapel is placed exactly in the centre 
of the front, the walling material bein^ Kentish rag, while the 
prevailing material of the rest is red brick; this change of colour 
IS a gnsat gain to the design in point of effect, and it would have 
been still more serviceable had this centre portion been brought 
forward so as to detach itself more palpably from the general 
fironta^ In Mr. C. K. Beazley's competition design for the 
''Darlington Markets" (146), the principal study seems to have 
been the effective use of cheap materials, mainly yellow, red, 
and black bricks. The window jambs are of stone, except to 
the markets, which are of wood, and the brick walls would show 
in the interior throughout, except in the Board's offices. There 
is an open-timbered roof to the assembly room. 

While cordially approving of the endeavours now put forth to 
render various coloured materials more serviceable in our modem 
bnildings, especially in the way of construction, we are not sure 
whether the introduction of expensive marbles for such homely 
purposes as the drinking fountains in our streets, is not ventu- 
ring a little too far. Cbod-looking and durable they should un- 
questionably be, nor is this incompatible with a certain amount 
of elegance, giving them at least an air of ^consistency ; but in the 
present rage for these desirable adjuncts to our highways and by- 
ways there is a danger of overstepping the proprieties of the 
case, even with the most laudable motives. In expressing this 
conviction we could illustrate our meaning, if necessary, by re- 
ference to several recently-erected structures of the kind, and to 
others now in preparation, such for instance as that shown in 
(148), to be erected from the designs of Mr. Caesar Long, at the 
Bailway Terminus, Shoreditch. In general idea it bears the 
Classic stamp, consisting of four piers, carrying semicircular 
arches surmounted by a frieze and cornice, the whole standing 
on a deep plinth sloping to the ground. The latter is to be <? 
blue ffranite, the piers of red, and the facia of the frieze is to be 
inlaidi with green and other coloured marbles. 

In Mr. H. £. Cooper's "Design for Wedgewood Institute sub- 
mitted in the second limited competition*' (156), we recognise a 
closer following of Palladian rules than is usual in modem 
buildings; and the same may be said of Messrs. Green and De 
Ville's "Hartley Institution, near Southampton" (224), which is 
a particularly well composed design, in which the subservient 
parts are contrived so as to combine well with the more import- 
ant features. We are glad to be enabled to compare this — the 
selected design — with several others which entered the lists in 
the same competition, and to be able to confirm, so far as the 
means are afforded us of judging, the wisdom of the decision. 
The next best design for this building which is here shown is 
(202) by Mr. R W. Edis. This, though by no means an equally 
successful production, has the characteristic of being of the 
Domestic Gfothic style throughout, as opposed to those ecclesias- 
tical details which would appear from their g:eneral introduction 
into eveiy class of work to oe all but unavoidable. Two other 



designs for the same institution (175, 259) may be passed over 
without comment, save that they are decidedly inferior to those 
just referred to, while all four offer a curious illustration of the 
diversity of schemes which the same subject will create in diffe- 
rent minda 

"The Chapel, St. Patrick's Cemetery, Leyton, Essex" (163), by 
Messrs. Willson and Nicholl, is shown in an iuterior view only. 
Architecturally speaking there is not in this much to notice, but 
poverty in this respect is amply atoned for by the aid of poly- 
chromy, which is agreeably interspersed, among the wall surfaces 
especially. The roof consists merely of polygonal rafters, shown 
in the drawing of far too slender scantling to produce a good 
effect, however they might serve their purpose practically. The 
"New Corn Exchange,^' and "New Com Hall, Norwich," both 
by Messrs. T. D. Barrjr, Goodwin, and Butcher, are exhibited in 
(168, 169). The interior of the former has an imposing appear- 
ance, but errs in proportion, owin^ to its undue loftiness. There 
are two rows of iron columns dividing the area into three spans, 
the principal one being semicircular. Semicircular arches, also 
of metal, spring transversely from these columns, and their 
spandrels are pierced with well-desigued scroll-work in the 
same material The pervading style may be termed the 
Byzantine. 

Mr. E. B. Lamb sends several works, all stamped with that 
peculiar originality for which he is distinguished. Among these 
(172) most approves itself to oiir taste; it is indeed a genuine 
specimen of Tudor work, exemplified in the "Bestorations and 
additions to Melbury," the Earl of Ilchester's seat, near Dor* 
Chester. We notice on the flank side what seems to be merely a 
whim of the designer — ^viz. that an entrance door, and some suc- 
cessive small windows above, are placed exactly in the retiring 
angle of the building, half of each being in one Wall, and the 
other half, at right angles, in the abutting wall. On construc- 
tive principles this is objectionable; nor do we quite like the 
kind of crocketing which is carried up the coping of the several 

Sbles. The " Church of the Holy Trinity, Knightsbridge," by 
r. B. Brandon, is well elucidated by the exterior (176) and 
interior (182) views, so elaborately drawn and coloured. The 
difficulties which had to be contended with in tranaforming a 
most unsightly pile of building into the present more than 
sightly form, are only so many proofs of what ingenuity and 
ffood taste can accomplish. For the interior a large amount of 
light is obtained in a particularly novel way — namely, by a veri- 
table clear-story, constructed in the rake of the roof itself, and 
extending on both sides to the full length of the church. Some 
such expedient was rendered necessary owing to the building being 
completely hemmed in among huuses, except on the street side. 
By this mode of treatment, the roof^ though it would produce 
externally, if seen, an anomalous effect, assumes within (from its 
intersecting timbers, and the play of outline caused by the 
curved braces traversing in all directions) an agreeably busy 
air. The construction of this is seen more clearly in a large-scale 
model of two or three bays, which finds a place on one of the 
tables in the room. 

From the practical we again turn to the picturesque, our eye 
being arrested by the two beautiful architectural croups which 
Mr. C. L. Eastlake has so successfully transferred to paper in 
(177) and (189), the former being the "Courtyard on the north 
side of Bouen Cathedral," and tne latter "Sketch at the foot of 
the Tour de Saint Bomain, Bouen Cathedral.*' Of these, suffice 
it here to say that the subjects are worthy of the artist, and 
the artist equal to the requirements of the subjects. Mr. B. 
Brandon, in the "North-east view of Datchet Church" (179), has 
again engrafted not a few continental details, aiming perchance 
to gain thereby an additional picturesqueness. This has been, 
in outline at any rate, achieved, but at the expense of that 
English -looking character which our churches should in the 
main unquestionably preserve, whatever hints we borrow from 
those of other countries. 

Mr. J. L. Pearson's " Church proposed to be built in London" 
(183) is a worthy exemplification of what we are endeavouring to 
urge: a large building evidently, and grasped by a masterly hand. 
The view here given is a north-west exterior, displaying to great 
advantage the bold composition of the west end, with its deeply- 
receding and gabled entrance, its massive buttresses and flanking 
towers; also in the distance (rising nobly at the eastern extre- 
mity of the aisle, and attached to it only bv its south wall) the 
lofty tower and spire, which in every part of its composition is a 
perfect atndy. We may add parenthetically, that a second exte* 
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rtor view, as well as an interior of the same ehareh, are exhibited 
in the present Architectural Room at the Boyal Academy. 

The most telling in effect of Mr. Street's contributions is (185), 
a bird's-eye view of ''All Saints' Church, Parsonage-house, and 
Schools, in course of erection at Benstone, Staffordshire." The 
chief peculiarity noticeable is that the roof of the chancel is made 
altogether higher than that of the church, and that the bell-turret 
which is attached to the end of the north aisle has a conical ter- 
mination, and is apparently circular to its base: the apse is octa- 
gonal. In the four ansles of the picture-frame are small vignette 
sketches, cleverly touched in, and which explain certain special 
portions of the design. The whole are etched, as usual, in pen and 
ink. A satisfactorv de<«ign for a ''Villa at Highgate," by Mr. C. 
Gray, to some of wfiose former works of this kind we have before 
alluded, forms the subject of (191): it is Ttalian in character, and 
built of red brick, relieved judiciously by bandings of a different 
colour. In the ** Interior Views of the Large Coffee Boom and 
Entrance Hall of the West Midland Hotel, now being erected at 
Great Malvern for the Great Malvern Hotel Company," by Mr. 
E. W. Eimslie (192), we have two small drawings which promise 
well for their originals, so far as means are afforded for judging. 
Both the apartments are evidently spacious, and furnished 
throughout in the Grothic style, with details of a suitable kind: 
we especially note the interiors of the windows, and the wall 
8ur£Eu;es, which are less commonplace than the design of the 
ceiliugs. 

(196) The " New Wing at Nun Appleton, near Tadcaster, now 
erecting for Sir Wm. Milner, Bt," presents the same versatility 
which IS manifested in all Mr. Lamb's designs: it here is evi- 
denced chiefly in the multitudinous series of brick corbels, which 
are most persistently applied over the whole frontage. Cleverly 
managed they undoubtedly are, but we question the desirableness 
of introducing so many, even where they are intended to form, as 
here, the salient feature of a design. The chimneys also appear 
overdone in other respects. The " Cricket Pavilion erected for 
Tunbridge School, Kent," by Messrs. Wadmore and Baker (198), 
has the recommendation of being well suited to its purpose. It 
consists of a loug brick building, with a projecting open covered 
way all along the front, with a second story of the same kind in 
the centre, which is gabled back into the main roof. These por- 
tions are constructed in wood, and while they supply a convenient 
shelter for the visitors, the depth of shadow which their well- 
proportioned outlines create adds considerably to the vigour of 
the design, and fully compeusates for the absence of more orna- 
mental, out in this case unnecessary, features. 

(203) "Trinity Church, Shanghai, China," byHessrs. Stevens 
and Bobinson, has been so far adapted to the peculiarities of the 
Eastern climate as to have its brick walls coated with the 
coloured cement of the country, while ironwork is used in the 
construction of the roofs, owing to the quick decay of wood 
wheji so exposed. In its design there is consequently a some- 
what strange aspect, the tower having if completely English 
ecclesiastical look, while the rest, from the pitch of its roofs, 
projecting eaves, barge-boards, and other features, partakes more 
of a domestic character. We venture to suggest whether, with 
all these precautions to secure coolness of temperature, the win- 
dows are not both over numerous and needlefldy exposed. 

On the end wall of this room are several competition drawings 
submitted for the New Church at Torquay, by Mr. C. Buckeridge, 
but not mentioned in the catalogue. They are in the Early 
style of Gothic, and, both in respect to design and drawing, equal 
to most around. There is no steeple, but a small circumr bell- 
turret rises prettily at the east end of the north aisle, grouping 
admirably with the surroundiug parts, and is the leading feature 
of the exterior. Internally, the seats and roof are open, the 
latter having cambered tie-beams to the principals, with a king- 
post shaft, from which spring cari'ed brackets in all four direc- 
tions, the general form of the roof beinff polygonal. In (220) we 
have another design for this church, whidi is by Mr. Appleton, 
and much less satisfactory than the one just described. The 
selected design (we may mention) is exhibited at the Boyal 
Academy. 

The two competition drawings, by Mr. Joseph James, for the 
Congregational Church, Lower Clapton, appear in (218, 222), 
and are much above the average. Though there is no plan at- 
tadied, the outlines seem to show that the architect has repeated 
the arrangement which he has carried out in a similar edifice at 
Bamsley, including the peculiar design of the transepts, and in 
the triple windows of the west end. From the unusual height 



it may be inferred that galleries are provided for. The best 
portion, we think, is the tower ^and spire, which, in the belfrj 
stage particularly, is very skilfully managed. We allude more 
especially to the battering of its four walls from the springing fk 
the windows upwards, by which means an effective gable is 
gained as a hood to t^e principal windows. 

The best arrangement of hospitals is a subject still under dis- 
cussion, and in (225) Mr. C. Hawkins exhibits a "Design" whidi 
has been evidently well studied. The plan is of the H fonUy 
and consists of three stories, besides a basement, the centre part 
bein^ allotted to the board-room and the apartments of Uie 
physician, secretary, &c There is accommodation for 250 pi^ 
tients in 10 wards, each 100 feet by 24 feet and 15 feet high, and 
containing 25 beds. There are also two day-wards for convales- 
cent patients each 45 feet by 18 feet. Open fireplaces are pro- 
posed throughout, while, to insure as thorough a ventilation as 
possible, the wards have windows on either side carried up to 
near the ceiling. The design of the elevations would admit of 
considerable improvement. 

The "Original Sketch for the Interior of St Peter's Church, 
Westminster" (229), by Mr. R Brandon, may be pronounced 
one of his most successful efforts. In producing this result the 
aid of colour has been called in, not lavishly, but in due sub- 
servience (as we think it should always be) to the oonstructiv* 
elements of the building. The roof is pai-ticularly handsome, 
the idea being borrowed, if we mistake not, from that of one of 
our most b^utiful Norfolk churches. For a simple village 
church, that now being built by Mr. G. K Street at Wymeriuff, 
of which an exterior view is given in (230), presents an excel- 
lent modeL It consists merely of nave, chancel, and south 
porch, with a square shiugled bell-turret at the west end. In a 
clever pencil drawing (236) Mr. Norton shows his design for the 
"Proposed College at Clifton," which, though possessing some 
good points, is as a whole inferior to many previous ones from 
the same hand. There is throughout an unfortunate spikiness 
(caused by the everlasting repetition of gable and pinnacle) which 
is detrimental to the proper balance of the several parta For 
the want of a plan being given, we are unable to refer to the 
arrangements, but in (232) is shown a perspective view of the 
school-room. 

Mr. Barges' two drawings (233, 23S) are in pen-and-ink, and 
marked by his peculiar eccentricities. The former, termed a 
" View of a Mediseval Town," is a close imitation of the old 
style of wood-engraving, for which, indeed, it might readily be 
mistaken. The latter snows the water-closets er^ted by him at 
Grayhurst, — a circular building, with radiating divisious, and 
having a conical roof terminated by a ventilator masked by the 
figure of a Cerberus. "Famham Church, Essex," as restored by 
Mr. J. Clarke, is shown in three drawings (235, 249, 263), whid^ 
seem wilfully separated. Some of the building, it is stated, is so 
dilapidated as to be " beyond restoration," and the architect has 
not adhered by any meanis to the former work in his present one; 
nor can we congratulate him on offering any better exchange. 
Though the old building was partly in a late style, it was pictu- 
resque, and not devoid of character, in both which particulars 
the new edifice is wanting. 

(243) Is a frame comprising several subjects, by Mr. G. True- 
fitt, and they comprise "A House in course of erection at Mus- 
weU-hill," ** Gravestones," and "Houses erected and in course of 
erection on the Batson Estate, Holloway, from his designs and 
under his superintendence." In all these is perceptime that 
ability which infuses good taste into simplest matters, and Mr. 
Truefitt's skill in the treatment of materials, brick and ironwork 
especially, is well known. The sketches before us are but slight, 
yet sufficiently indicate what we mean. (250) The "Cabinet Manu- 
factory and Show Kooras, Liverpool, erected for 8. Abbott, Esq., 
from the designs of Henry Sumner," have already appeared as 
an illustration in our Journal of March 1859. 

Several highly finished and artistic views of Mr. Goldie's 
Boman Catholic church at Lanark, have been made by Mr. H. W. 
Brewer, and as exhibited in (252) form by fiir the most showy 
drawings in the galleries, being well arranged, and inclosed in 
an appropriate hinged frame, enriched with suitable carving. 
There are in all seven views, of whidi that of the Bapisterj 
is altogether the best In this part more especially is there an 
elegance of proportion which m all respects pleases the eye, 
while the elaborate yet chastely- designed font- cover leaves 
nothing to be desired. Daylesfoiti Church, Worcestershire, by 
Mr. J. L. Pearsooi is prettily xendered in sevend drawings^ some 
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in this ezhibitioxi, and others in that of the Bojral Academy. 
Thus (253) gives the north-west Tiew, and shows a crudform 
ehnrch wiUi a low tower crowned by a s'lnare spire, not much 
higher than an equilateral triangle, its large gabled lacames 
constituting the most striking features. But in other respects 
there is in this desi^pi a great exception to the ordinary style of 
modem work, it bemg by no means a copy from ancient prece- 
dents, nor yet an utter ignoring of their legitimate influence; 
thus novelty is associated with experience, the result being har- 
monious and consistent throuffhout totally in contrast witli 
this we must mention (257) ''The Parish Church, Warrington, 
Ijmcashire, as rebuilt ajx 1860," by Messrs. F. and H. Francis, 
which is in that ultrsrmodem style now happily almost ex- 
ploded. The plan is cruciform, and from the central tower rises 
a most attenuated spire. Professing to be Gothic, its authors 
have moreover selected an inferior age — ^the Flowing Decorated— 
whence to glean ideas, and it is matter of regret the opportunity 
for erecting a more worthy structure has been lost. 

In (264) mr. Goldie has another collection of sketches of works 
in progress— porches, monuments, drinking fountains, &o. No. 3 of 
these, the ''Porch of St Pancras Church, Ipswich," has unques- 
tionable novelty, the entrance doorway being fandfally designed, 
while, by way of finlal to the main gable, a full length statue (of the 
saint, we presume) is introduced, sheltered under an overwhelm- 
inglv heavv canopy. Two views of the ''Malvern Link Hotel,'^ 
by "bSr, Elmslie, form the subjects of (272, 273). We have in 
the earlier part of our notice (73), referred to a similar building 
by the same architect, for Great Malvern. The same ideas here 
prevail again, but they are perhaps better handled; the Gothic 
details are apparently more consistent throughout, and the red 
brickwork, being well toned with black, imparts a sufficient 
variety of colour, while a long half-timbered bridge over the 
high road, but for the purposes of the hotel, enlivens the whole 
with a ffreat amount of picturesqueness. 

Considered as architectural drawings, in the true sense of the 
word, there are few in this exhibition that can take rank with 
those of the "Momiuff Chapel of St. PauPs Cathedral," five in 
number (267 — 271), and which obtained the silver medal at the 
Boyal Academy in December last. They have been prepared 
from actual admeasurements (as stipulated by the conaitions of 
the reward) by Mr. T. H. Watson, and consist of plans, sections, 
elevations, and parts at large, all carefully outlined, and slightly 
washed in with Indian ink. Such analyses as these, applied 
to the best examples, are among the most instructive means of 
advancement that can be suggested to the architectural student, 
independently of the honourable distinction which awaits his 
patient and well directed labours. "Hodnet Hall, Market Dray- 
ton," as about to be altered by Mr. K B. Lamb (2S2), is a half- 
timbered mansion, worked out in the true spirit of that kind of 
construction. 

The advertised competition for a Clock Tower to be erected 
in the High Town, Hereford, aroused a spirited contest, and no 
less than eleven of the designs are brought under our notice 
here, which moreover, bv some piece of good fortune, are all 
placed together. The selected design is not among these, but 
out of those before us we should distinguish, as the beat de- 
signed and most appropriate, those by Mr. F. Bogers (300), and 
Mr. C. H. Mileham (306). The first is a well-proportioned 
Gothic campanile, showing very good treatment in its different 
stages; the upper one is gabled through lengthwise, and has two 
smaller gables on each of the sides. It would have been better 
had the walls tapered more. The second is of less obtrusive 
character, and forms part of the continuation of the street, being 
^bled, and rising but a trifle above the adjoining houses. It 
18 of red brick, banded. The dock is in this design shown pix>- 
jecting from the tower, over the pavement 

Upon the first screen are two or three specimens of an entirely 
new system of decoration by means of "Applique Needlework," 
and suitable for ecclesiastical and other architectural purposes. 
The exhibitors are, in (316, 317, 318), Lady Mildred Hope; and, 
in (323, 324), Mr. Alfred Bell. The three first-mentioned com- 
prise a complete specimen, a half-completed ditto, and a cartoon. 
" This method of needlework was invented for and applied to the 
new choir hangings in Cologne Cathedral, designed oy M. Ram- 
boux, and executed by 300 ladies of Cologne, under the direo- 
tiou of Mile. Martens. These specimens have been prepared 
by Mile. Martens in order to exhibit the process of working in 
various stages." To give a general idea of the mode, it may bd 
described as a kind of patoiwork in different colours, remind* 



ing one of stained-glass; the minutiae, such as features, drapery, 
&C., being filled in ^ subsequent stitchings in different silks, 
as required. (323) Is an unfinished portion of a "Banner or 
Standard Screen," and (324) a portion of a "Piano Front,'' con- 
sisting of three larger compartments, containing respectively the 
figures of Jubaf, David, and St Cecilia, and two intermediate 
and two end compartments, narrower, and containing figures of 
a nightingale, blackbird, canary, and lark, all worked in silk 
embroidery. 

In designs for church furniture, Mr. R Sedding invariably 
excels, and it is a branch of art to which he has almost spe- 
cially devoted himself. We therefore welcome his beautiful 
drawings as shown in (321, 326, and 330). There is a degree 
of quaint originality infused, which is congenial with their pur- 
poses, and all are more or less improved by the enamelling and 
other coloured ^ects which are tastefully interspersed. Mr. 
C. H. Mileham's "Competition Design for a Church near Bam- 
sey, Isle of Man** (332), is a vexy creditable one, if we except the 
poverty of the nave and aisles. The transepts and semicircular 
apses at the east end are skilfully planned, and combine most 
satisfactorily with the central tower, which is, with ite spire, of 
low proportions. The style is Early Pointed. 

Mr. Colson's "National Schools and Teacher's Residence, 
Famham, Surrey" (340), in execution look better even than in 
the drawing. They are built of local stone, with Box ground 
stone dressings, at an expense of ^£2000. The warehouse erected 
a year or two since for Messrs. Sykes in Wellington-street, 
Leeds, by Mr. Corson, is scarcely up to his usual standard, if it 
may be judged by the photograph in (357). It appears to be 
a kind of Gothicised It&lian work, principally notable for its 
entrance doorway, which is cleverly managed. The shafts to 
this entrance are in Peterhead sranite. The ordinary walling 
materials, brick with stone dressings. (394) shows a "Bank at 
Carlisle," as erected by the same architect last year. In a very 
fine drawing (381) Messrs. Clayton and Bell submit a "Sketch of 
the East Window, Louth Church, Lincolnshire, now in course of 
execution," which consists of two rows of subjects extending 
across each of the seven lights. Of the late competition for 
Grimsby Town-hall we observe but one reminder— viz. (386), by 
Mr. J. A. Davies, neither of the selected designs appearing to 
enable us to form an opinion as to their comparative merits. 
The view before us shows a verv tolerable building in what has 
been termed the "Victorian** style of brickwork, and it is further * 
elucidated by two plans. A number of "Selections from the Il- 
lustrations for the 'Dictionary of Architecture' issued by the 
Architectural Publication Society," are contributed, as usual, by 
its hon.-secs., in (393). The subjects are all interesting, and 
have been ably lithographed by Mr. Bedford. We are glad to 
know that this society is showing signs of revived life. The 
last series of drawings to which we can refer is (387 — 390) a 
"Design for a House for four brothers, amateurs of literature 
and art, sent in for competition to the Ecole des Beaux Arts, 
Paris, and for which first honourable mention was awarded to 
Mr. B. Phen^ Spiers." This is, in every sense of the word, a 
Classic production, evincing throughout a very refined taste. As 
specimens of effective colouring, too— a§rial, yet sufiiciently de- 
fined — they are unsurpassed by any in the exhibition, and may 
be consulted with aa vantage by certain artists whose practice 
would seem to denote their belief in heavy body-colours as the 
most reliable means of securing a telling effect. 

The exhibition will close on the 30th instant. 



THE PBESIDENCY OF THE ROYAL INSTITUTE OF 
BRITISH ARCHITECTS. 

At an adjourned meeting of the Institute, held on the 6th of 
May, Mr. Tite, whose name has for many years been well known 
to our readers, was elected President for the ensuing year by a 
majority of the votes of the Fellows present A second candidate 
had been proposed m the person of Mr. Beresford Hope, and 
the election had given rise to a good deal of division— or perhaps 
it may be more correct to sav, has g^iven expression to an existing 
division of feeling among the architects of the present day; the 
members of the Gothic school having supported Mr. Beresford 
Hope, and the followers of an older manner, Mr. Tite. The result 
shows that the parties are pretty evmly bslanced, even amouff 
the Fellows of the Institute, a body whidi includes nearly all 
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those senior memben of the profawion who are of note, while it 
does not indode aome of the younger men, among whom the 
great strength of the Medisvalists lies. 

It is always preferaUe that elections of this nature should if 
possible be settled onanimonsly,- bat, iiedling that, we are glad 
that in having to record a contest we are also Me to add that 
its origin was not to be traced to personal considerations. These 
no doubt had their weight, and the desire to have a practising 
architect for President had its weight also; but we beueve that 
the larger share of the contest was caused by the motives we 
have referred to. 



Mr. Tite, thouffh not bringing to the presidential diair the 
learning, th^ skil^ the artistic taste, and the graoefiil oourte^ of 
the accomplished and renerable Cockerell, who has vacated it, 
has nevertheless been a distinguished architect; and as a man of 
experience, and well practised in public matters, he will, there is 
no doubt, prove a very suitable President, and we are dad to 
chronicle his election. We should however have preferred to be 
able to record a choice under drcumstanoes of perfect unani- 
mity, and such as would have more thoroughly favoured what is 
no doubt one of the greatest movements of the artistic world at 
the present day. 



THE RECLAMATION EMBANKMENT FQR THE NEW DEY DOCK AT LEITH.* 
By Geoboe Eobsbtsok, C.E., FJft.S.E. 




Beale^iefeet 
AA. Babble dflpodt. CC. Sand fllliDg. 

BB. Paddle. DD. Original lorfM 

• Thb question of gainii^ ground for dock purposes from the 
East Sands of Leith is by no means new — the wonder is that it 
has not been done before. So Ions ago as 1799, when Kennie 
was consulted as to the position of the proposed wet docks, he 
took into consideration the advisability oi makin|; use of the east 
aide of the harbour for that purpose. He gave m deaSgns for at 
least one dock of 6| acres, with 18 feet of water, to be constructed 
on l^md reclaimea from the East Sands by a sea-wall parallel 
to the shore. As this was to form a cofferdam during the con- 
struction of the works, he considered it would be necessary to 
carry it through the deep sand down to the natural day. ^The 
day level on this side of the harbour bein^ below the level of 
low-water, Uiis could only be dene by layins the foundations 
within cofferdams, and pumpins out the water by a steam engine. 
The cost of this redaimiuff wau Bennie estimated at ;^.0C^, of 
which ;£14,000 was for £uns, &c. alone, with the candid but 
unpleasant proviso that the item was ver^ uncertain. Trom my 
experience of the situation, and the running nature of the sand, 
I believe that sum would have proved totally inadequate. The 
higher and more favourable level of the day on the west side of 
the harbour settled the question against the East Sands; and the 
old wet dodu were built by Mr. Sennie in the beginning of the 
present century. 

In 1828 the east side had another chance of beinff made useful, 
for Telford suggested that a rubble wall might be aavantageously 
thrown out from the back of the old pier, and the land within 
reclaimed by depositing behind the wall the mud obtained from 
dredging the old harbour. 

In 1848, when the Victoria Dock was required to accommodate 
the increasing number and size of vessels, the situation of the 
existing docks weighed too heavily in favour of the west side, 
which again gained the day. 

When it was proposed some years ago to build a laige gravinff 
dock, Mr. Bendel prepared- a set of plans in 1854 for a dry dock 



tolloch. 



KE. Sand. 

FF. Clay with boolden on the nrihee. 



of iihon. 

entering from the west side of the Victoria Bock. However, the 
limited amount of qua3rage in that dock made the interference 
with a berth 300 feet long so serious, that Mr. Bendel transferred 
his plans to the East Sands. The sanction of the Treasury was 
obtained in 1858, and the works commenced accordingly. 

The diy dock is somewhat peculiarly situated, the site beinff 
almost an island, with a drcumferenoe of half a mile, of which 
only one-eighth is dry land. The harbour side, where the depth 
of water is 24 feet, is protected by the old stone pier, built at the 
end of Queen Anne's reign: eventually this pier will be removed 
to form the entrance to the new dock. The south side is threat- 
ened by the water in the timber pond; but as the depth here is 
not great, and the distance from the dock considerable, nothing 
has been done to guard this side. The real danger was on the 
north and east sides, especially as it was desirable for several 
reasons to build the dock as near the embankment as possible. 
The level of the natural day over the whole area may be taken 
as 24 feet below high-water of spring tides— the same level as 
the dll of the caisson invert The thickness of the overlying bed 
of sand is 14 feet under the bank, and 24 feet at the old bulwark, 
the excavation being on the average through 18 feet of sand. 
The depth of water along the bank is 10 feet only, but with a 
north-east wind the waves roll in over the long expanse of flat 
sands with great velocity, and with a force very destructive to 
all unfinished or insuffident work. 

The embankment has to do the double dut^ of reclaiming the 
sands, and of excluding the water from the excavation within, 
the lowest point of which is 33 feet bdow high-water. The back 
of the dodc wall is 90 feet from the coping of the bank,— -as near 
as it was possible to put it, allowing for the necesssry slopes and 
bendies. The success of the bank in exduding the tide depended 
on the truth of the principle— that water in traversing a certain 
distance of sand encounters so much friction that the initial 
pressure is at last destroyed, and the water throttled to such an 
extent as to be within easy control of pumps. That, in ahorti 
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withm Limits & Bufficietitlj watertight ooflTerdam can be fonoed 
of sand itaelf. The oorrectneaa of the principle haa been satia- 
fftctoHly proved by the very small quantity of water which now 
oomess through under the Wnk into the cutting. The leakage 
along the whole 1400 feet of cofleh-lam can be kept down by a 
9'inca chain piimpf working at most one hour in four; and a 
great deal of even thia quantity cornea from the harisour aide of 
the works. 

The bank is formed of three eaaential component parts, — a 
watertight core of clay in the heart of the work, continueil to 
the natural clay, where the dock apprcachea nearest the bank, by 
a row of 9-inch sheeting piles; on the sea-aide of thie a protect- 
ing wall of dry rubble faced with pitching, and on the land-side 
a ©ticking of common sand from the shore. The puddle-wall 
was made 7 feet thick , at considerable expense, in order to obtain 
great weight and breadth on the sands below, to cut off the 
water aa much as possible, and to diminish any ri^jk from 
the cracks caused by aettlemont or imperfect puddling. Any 
leakage through the clay would have wAshed down the sand 
backing, and caused the total failure of the dam. For a length 
of 680 feet, from the caisson groove to the head of the dock, a 
row of 9-inch sheeting piles, 18 feet long, haa been tl riven down 
to the clay^ both to assist the watertightness of the bank and to 
gteady the fomidatiang in case of a great run of water through 
the sand, Tb' se piles were driven by meaus of a small steam- 
engine, which ran along the stage erected for depositing the 
rubble of the uortlieni half of thebauk,aud drew up two rams 
at once. The north aod ea.st halves of the bank were each com- 
menccii at the shore end, and were arranged to meet at the 
north -west angle, where the sands are lowest; so that all the 
water in the inclosed area might drain olf with the falling tide 
before the banks were shut The greater part of tlie north bank 
was built from a staging, with whinstone rubble, which carae 
by sea from Queensferry; the east bank from an end tip, with 
Craigraillar sandstone, brought on the works by the N^orth 
British Railway. The deposit in the former was faced as the 
work proceeded upward: in the latter it was built into a rough 
wall and faced after the bank was closed; this was done tor 
the sake of expedition, hut considerable risk was run in leaving 
the east bank unfaced for a length of time. 

The general routine of work consisted in first getting in a lengtJi 
of toe-stones, say 40 feet, then excavatiug the sand behind them, 
and depositing the rubble before the tide came in and 6Iled the 
trench again with sand. The rubble was brought up some height, 
then the puddle put in, and last of all the hlliiig behind. Each 
component part had to be pushed on a length in turn — the rubble 
would not stand without the clay behind it, and the clay would 
not stand without the sand backing. Whenever a rough sea 
came, the unprotected length of each suffered, and wiia knocked 
over; hut the sand filling sutFered niiist, for the least swell polled 
it out to a long slope, which required feeding to keep it above 
high-water level. When the opening between the two banks 
grew so narrow that the ebbing-tide began to plough up a chan- 
nel in the sands half a mile long, it became a question whether 
it would be easy to shut the bank in one tide: in case it was 
found desirable not to attempt it, a timber shoot several feet in 
airea, was built into the deposit, to be continued if wanted 
through the puddle and hacking. By means of a shuttle in thia, 
the inclosed tide mi^dit then be run otf at succeed iug low watei-a. 
It was very desirable if possible not to make use of this, for 
there is great trouble in keeping watertight any communication 
through a wall of puddle. I had plenty of experience of this 
when engaged on the late extension of the London Docks, where 
the leakage along the very bolt^ through the regular timber 
oofferdama, caused more expense and trouble than the Leith bank 
haa yet occasioned, though longer, built of dry rubble, and upon 
deep quicksand. 

The bank was closed without much difficulty, in one tide, on 
the 25th May, 1860; but before the work could be faced and ren- 
dereil secure, a heavy swell from the north -east broke over and 
filled the incloeedarea; an opening bad therefore to be made, which 
was asain closed on the 9tli of June. After the exclusion of the 
tide, all the water with which the shore and bank was saturated 
drained down to the lowest level, making rather a foiiuidable 
T)ond of some two acres in extent. This had to be got rid of 
before any excavation could be taken out, or the pumping-well 
sunk: it was taken over the top of the bank by a double syphon 
of 2- inch lead-pi j)e, which in a lew days quietly and inexpensively 
drained the pond, without the neccessity of putting up putnpa 



for that purpose alone. The whole reclaimed area of nearly 
6 acres then became hard and dry, as if the tide had never rolled 
over it, and the excavation has been since taken out to its full 
depth. In a similar manner the sea might be excluded from any 
extent of the 50O acres of the East Sands which may become 
necessary for dock or other purposes. A strong timber parapet 
fence haa been put up, and bolted on to the coping of the bank, 
to throw off the heavy spray of the sea; at some future time, 
when all settlement is over, this may b© replaced by a masonry 
wall. 

The bank does not form a separate contract with Mr. Wilson, 
the contractor for the dock, but I have made it the subject of a 
separate notice, because it stands practically alone, having to be 
completed before the dock could be commenced. Mr. A. M. 
Bendel is the engineer-in-chief to the Commissioners for the 
Harbour and Docks of I^iih; and the works are being (^u-ried 
out under my superintendence. 



THE STATICS OF BRIDGES. 
UL^The Arck 

In a preceding paper (ante p. 60) we inquired generally into 
the duty imposed upon a bridge. We found that the load im- 
pies«e<l u|Km the several parts of the structure tendencies to turn 
in opjioBite directions. Oil proceeding to examine these ten- 
dencies to turn, or Moments of Rotation, we found their values 
to depend upon so simple a law, that two successive processes of 
mere addition would give us either the series of the moments 
themselves, or numbers proportionate to them; and we showed 
this law to be equally applicable whether the load were carried 
by an arch, a chain, or a girder. 

These tendencies to rotate would, if not counteracted, of course 
lead to the failure of the bridge. Equilibrium results from the 
moment of rotation at every point being met by an opposite 
Moment of Reaction of eqtial amount; the tendency of the mo- 
menta of reaction being to turn the aeveml parts of the bridge 
upwards, so as to raise the load, — a tendency that may be seen 
partially taking effect when a settlement in the haunches of an 
arch is accompanied with a rising at the crown. 

The Cidculation of tlie moments of rotation, or, as we may call 
them in the case of a beam, the Units of Strain, gives us there- 
fore alike the amounts of these moments, and those of the equal 
moments of reaction which are essential to the stability of the 
bridge. We can now go a step further, and look at the various 
shapes in which these moments of reaction (of which as yet we 
know nothing more than the amounts) are found in different 
structures, and the several ways in which they are brought into 
play. In other words^ we have now to examine how the general 
principle we have Istid down operates specially in each form of 
bridge. In such an inquirv the Arch haa a kind of prei^criptive 
claim to the first place. It is with the ai'ch therefoi-e that we 
profKwe to begin. 

The reactioD to which the arch owes its stability results from 
compressioD. The principle has been already shown in the simple 
case given ante p. 6 1, Fig. 4, where a load (W) is earriefl by two 
bearers (AB and BE), which lean upwards against each other, 
and have their feet kept from slipping outwards. The apex ^B) 
cannot sink without reducing the length of the bearers; ami con- 
sequently the load no sooner begius to depress this apex than a 
compression ensues, which brings a force of reaction inhrt play. 
As the deflection increases the reaction gathera strength, until at 
length the settlemeot reaches a point at which reaction balances 
action, and further deflection is arrested. 

Let us now see what are the conditions of the equilibrium that 
has thus prevailed, and what are the consequent compresa'onH in 
the bearers. In the right-angled triangle shown in the 6gnre 
already referred to, EB represents in direction and amount the 
resultant pressure on the bearer A B, and this pressure h resolved 
into BR vertical and ER horizontal. The vertical pressure BR 
can be neither more nor less in amount than the portion of the 
load W which the bearer AB carries: the horizontal pressure 
£R is the thrujst of the arch, and evidently results from the 
inclined position of the bearer. The less the rise of AB, the leas 
will be the angle E, and the greater will be the thrust represented 
by ER. 

Equilibrium (which we are supposing to exist) requires that 
tbo opposite horizontal thrusts on AB and B£) at the point B 
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of compreasibli? materials, aod bound together hj cemeat at the 
joiota. 

We bave men tliat actually the reaction that gives tbe thrtiat 
is brought out by the compresaioD of the material, and thnt the 
unequal way in which this compression acts npon the vousaoira 
causes a bending and consequent spreading* the degree of which 
governs the amount of thrust. We must now for a moment shot 
our eyes to this truth, and inquire how thrust would be gene- 
i&ied in the inconipresaibltf dry arch w!iich it ia found convenient 
to imagine. 

Take the elementary arch shown in Fig. 13. Each semi -arch 
has its tendency to turn, and it is the horizontal thnist which 
keeps it in position. But this thrust, being the reaction brought 
out by the effort of the aemi-arch to turn, can only come into 
play when turning ia really beginning to take effect. Wo must 
therefore consider each semi-arch as on the point of turning — the 
joints all but opening — before we can say that there is any hori* 
zontal thrust at all. Kow the only fulcra upon which it ia 
possible for either Bemi-fxrcb to turn (according to our present 
hypothesis, which is inconsistent with the idea of a neutral axis), 
are the edges A, M, B, O, E, N; and the downward turning which 
the load induces must have for its fulcra the outer edge B at the 
crown, and the inner edges A, E, at the apringing; the tendency 
being to throw the voussoirs into the position shown by the 
dotted lines. A a the joints AM, BO, und EN, are on the point 
of opening, it is Deoessarjf to suppose them barely touching, 
with no pressure to maiutam the contact of the surfaces. Thus, 
before thrust can be exerted against the abutmenta, the whole 
of the pressure at the crown must be concentrated at the edge 
B, on winch ihe semi -arches pivot, and the whole of the pressure 
at the springing must come on the edges, or pivots A, E. Tfie 
coudusion is inevit'ible that the Resultant Line of Prea^iure 
passes through the points A, B, E, thus meeting intrados at 
apringing and extradoa at crown. 

The same appears on examining the case shown in Fig. 14. 
Each voussoir here would seek to turn on its edges: the vousaoir 
a2onu and 1 ; 2 4 on 2 and 3; 4* on 4 and c. But these tendencies 
in the iutennediate joints counteract one finother. The joint 1 2, 
for example, ciumot nt the same tirae open on its outer edge as 
a pivot to allow the lower voussoir to turn, and open on its inner 
edge to allow the upper voussoir to turn. The separate efforts 
of the adjacent vousSoirs must therefore conibine to bring a 
resulUut (>ressure somewhat within the joint 1 2; and the same 
may be said as to the action at the joint 3 4. The only fulcra 
therefore about which the voussoirs are renlly free to turn are the 
extreme edges a and c of the aemi-arch< ] t is therefore through 
these points that the Line of Pi-essiirc must pass — extrados at 
crown, intrados at springing — in order that thrust may be gene- 
rated. And equilibrium will ensue if this Line of Pressure lies 
wholly within the vousaoirs between these its points of contact 
with the outer and inner surfaces. 

But it will sometimes happen that a Line of Pressure drawn 
ao as to meet extmdoB at crown and intrados at apringing, will 
at some intermediate points pass above or l>e!ow the voussoirs, 
so as to oome actually outside the arch. It is necessary that our 
rule should be made comprehensive enough to take in euch cases 
as these. In order to thia we must first of all inquire into the 
ennditious which accompany the passing of the supposed Line of 
Presisure beyond the vouasoirs. 

Tnke the elementary arch of two vouasoirs, shown in Fig. 13. 
If the load is all carried at B, the Line of Pressure (on the non- 
compression tlieoiy) is seen in the straight lines AB, BE, which 
are wholly contained within the arch, and equilibrium prevails. 
But if the load is distributed, the Line of Preaaure lieconies a 
curve; and if drawn through the points A, B, E, it will lie quite 
outi^tJe the arch for a great part of its length. 

What ia the meaning of this ? As long as the Line of Pressure 
lies within the voussoir we underiiUmd it to be actually the path 
of the resultant pressure. But when the Line of Pressure passes 
outside, as at Y, thia cannot hold go<xl, for the resultant pressure 
must lie »ome where within the arch, as, say, at X. In such a 
case the Line of Pressure iuditmtes no longer where the resultant 
pressure i>, but where it ouyht to tm/m ortler to produce a moment 
of reaction t;qual to the moment of load. 

Thus, in the figure, if the thrust were actually transmitted 
through T in the Line of Pressure there would be a moment of 
reaction equal to the horizontal thrust multiplied by the rise from 
E to V (or by V P): and this wouhl just counteract the ujoment 
caused by the load in SN. Again, the thrust^ multiplied by 



the remaining rise from V to B^ would give a moment of reac- 
tion that would just meet the moment of the remainder of tha 
beam SB. 

But as the thrust is realty transmitted through X, these condi- 
tions of equilibrium are no longer fulfilled. The rise from E to X 
being less than that from E to V, the actual ruoment of reaction 
created by the thrust in SN is less than the direct moment of the 
load. And the rise from X to B being greater than that from 
V to B, the moment of reaction created by the thrust in SB is 
greater than the direct moment of the load. So that, although 
the thrust produces in the entire beam EB a moment just 
sufficient to balance the toUl moment of the load resting upon 
it, the pnrts SN and SB are thrown out of balance by the mo- 
ment of reaction being improperly divided at RS. Thua, if the 
beam were severed at RS, the jnint would oj>ea and the j>art9 
would turn opposite ways. In SN the load would prepondemt^, 
and it would turn downwards; in SB the thrust would prepon- 
demte, and it would turn upwards. 

If there were no joint at RS, and the beam were strong enough 
to resist the tendency of its parts SN and SB to turn opposite 
ways, without breaking, the arch would stand. But its stability 
would be partly due to the transverse strength exerted at RS— 
if indeed we have any right to speak of trails verse strength at 
all while we ignore compression. The transverse strain at RS 
must be such as to supjily the deficiency of the moment of reac- 
tion in SN, or abate the excess of the moment of reaction in 
SB. It must therefore be equal to the thruM multiplievl by VX; 
VX being the ditfei^nce between the rise frt>m E to V and the 
rise from E to X, 

It thus appears, that for an arch to st^nd simply as an arch, 
without any exertion of transverse strength, the resultant thrust 
must everywhere lie in the Line of Pressure. Where this ia not 
the case, there will be either rupture or a transverse strain equal 
to the vertical distance between the Line of Pressure and the 
actual position of tbe Line of Thrust, multiplied by the hori* 
zontal thrust; this product forming, in fact, the supplementary 
moment required to check the preponderance of the load, and 
to restore equilibrium. If the Line of Pressure passed below tbe 
actual Line of Thrust, the supplementary moment would be of 
the opposite kind, and would occasion a transverse strain tending 
to bend the arch upwards, 

{To he continued.} 



NEW INDEPENDENT CHAPEL AT ABERGELE. 

{With an Engraving.) 
Tdis building, of which we give an external view and a 
plan, is now in course of erection at Abergele, a rapidly rising 
watering-place on the north coast of North Wales, and situated 
between Rliyl and Conway^ at the mouth of the picturesque vale 
of Ciwd. The building is designed with a view to the accom- 
mo<lation of the English visitors in summer as well ns the 
onlinary Welsh c<ingi-egation. Accordingly a schoolroom is pro- 
vided, which can l>e thrown into the place of worship by the re- 
moval of a movable partition, but which duriug the winter mouths 
will always remain separate. The chapel is 56 ft. 6 in. long by 
33 ft. wide, and the schoolroom alluded to is 33 ft. Jong by 17 ft 
wide, A veatrv is also provided, and at the entrance end a shallow 
gallery is to be built, capable of future enlargement. The ar- 
ntngement of these buildings, and the position of the entranoet 
will be easily understood by consultiug the plan which accom- 
panies our view. The ohapel will seat comfortably ^.'lO adults, to 
ivhich another 100 sittings can be added bv throwing open the 
schoolroom, while tlie proposed enlargement of the gallery will 
add some 60 or 70 more sittings. The contnict is t.'ilteii for the 
whole work* exclusive only of heating, lighting, and fence walls, 
by Mr. Morris, of Rhyl, at £1633, and the work as far as com- 
pleted has been done in a itatiMfactory manner. The principal 
novelty is the adoption, from motives of economy, of a clerentofy 
executed entirely of wood, and of which the external appearance 
is shown in our illustration. The walls are of a fine solid local 
limestone, and asn protection from moisture are lined throughout 
with 4^-inch brickwork, a space of 2 inches being left between 
the masonry and the brick lining: the weather stone is from 
Heullan quarries, and the tracery, kc. is executed in stone from 
Llanasa and Telaeri quarries. The little spire is to be slated, And 
will form a prominent object for many miles along the ooaal. 
The architect is Mr. T. Roger Smith, of 67, Strand, Ixindon. 
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ON AECHITECTirRAL COTHPETITIONS. 
(Ctmtinued from page 93.) 

Amoko tbe disftdvaotages besetting public competitiona, tbc 
want of precision, system » «iirl experience, in all those oouceraed 
in regulating tbe conduct of tbem, ia no doubt one of tbe most 
grievoua* The naUire of the caae rondel's it probable tbat tlie 
loaaagers of tbe undertaking bave never engaged in sncb n thing 
before, and even tho«e who bave bad repeated opportunities of 
conducting a competition cannot always do relied upon aa able, 
«vea if willing, to tmce to th<iir source inconveniences the pres- 
sure of which they bave shared, or to make such arrangements 
AS shall prevent their recurrence. 

The want of perfect accuracy in framing the original instruc- 
tionSf and tbe readinesfi with which tbe framera of those in* 
siructions depart altogether from tbe rules they have laid down, 
are misfortunes which meet tbe competitor at the outlet of his 
task, and do not leave him till its close. The incompetence of 
the tribunal before which the designs bave to pjiss is a second 
circumstance that i^rely fails to make itself felt — and most 
painfully felt: while bistly^ the customary attempt at rendering 
tho vets of plans anonymous, by prescribing tbat they shall be 
marked with a motto only, has probably opened the door for 
more real injustice^ and certainly has occasioned more suspicion 
and discontent, than ail the other evils put together. 

The framing of conditions for a competition ia a matter of so 
much delicacy, and requiring so mucb care, that even a profes- 
sional man of great experience might shrink from undertaking it. 
The instructions to architects intending to engage in a public 
competition ought to comprise as precise a statement as possible 
of the requirements of the building, and yet ought to leave the 
architect quite free to select the mode that seems to him best for 
meeting those reqnireinents. Tbey ought to state the problem, 
but to leave tbe solution entirely untoucbed. Commonly tbe 
Inatnictions issued fail of both these points, omitting es^ntial 
portions of tbe re<^niremenUj and prescribtug that certain me- 
thods of meeting auch rec|uireraents as they do unfold shall be 
followed. The preliminary instructions ought to form a little 
code of unalterable laws. They ought to state all the conditions 
under which the competitor will stand, and these conditions once 
stated ought to be held binding alike upon competitora and 
judges. 

That these are essential qualities for a good set of "conditions/* 
no one can reasonably doubt, but practically to secure them 
would almost seem impossible. In tbe very |>art of an under- 
taking where the counsels of an experienced architect are most 
valuable — ^namely, the maturing the general outline and idea of 
an intended building — the committee or other managers usually 
deprive themselves altogether of such assistance; and consequently 
they usually fail to form any definite idea of what is want^ed, and 
what the funds at their disposal can furnish. A much more 
serious evil than mere lonseneBs in the language of instructions 
is here alluded to^ — namely, the want of foresight as to tbe ex- 
pense of the proposed building. It is so notorious tbat committees 
in this particular allow themselves to be guided by what they 
wish, rather than by what they ought to expect, tbat many 
business men have grown quite indiilei-ent to tbat which ia really 
« most serious cause of regret^ and look upon it as a matter of 
course that impoissi bill ties should be asked oy the committee, and 
be promised by tbe competitors. Practically it does not conduce 
to satisfactory results, if persons who are employers ask for 
more than they can possibly have for their money, and those 
who desire to become their conddential agents commence tbe 
transaction by prfimising more than can be done. Nothing is 
more really unbusinesslike, or more injurious to the moral tone 
of a profession that ought to stand as high as any other; and no 
improvement oonld be effected in tbe general regulation of com- 
petitions which would be of greater value than establishing the 
custom — that the requirements should be within tbe bounds of 
possibility, and that tbe most rigid scrutiny should be instituted 
mto the possibility of meeting them by the designs submitted, 
without exceeding tbe originally named expense. 

The next serious irregularity is the disregard of the previously 
framed conditions by those who have to arrive at a decisir>n upon 
designs aubmitted. The grossest injustice is constantly com- 
-mitted here, and often, we are willing to believe, uncttnsciously 
^mmitted. Very frequently tbe original defects of the instruc- 
tions lead to tbetr being disregarded, first by the architects, and 
then by the judges; sometimes the whole of them are summarily 



set aside, because some design, better than tbe others submitted^ 
baa proceeded in direct violation of them. Veiy often tbe 
framers of tbe instructions change their minds, and, being them- 
selves judges and law-givers all in one, they scruple not to dis- 
regard what they had once established, forgetting that they ai^e 
under a tacit pledge to the gentlemen who have laboured hard 
for them, to abide by what they had published. 

Moat of these defects grow out oi tbe same cause, — tbe want 
of an intimate acquaintance with the business in band; tbey are 
too often aggravated by a want of inflexible honesty of purpose. 
The assistance of a professional man whose akill and integrity 
were beyond dispute, would always diminish, if not remove these 
causes of complaint. 

Professional assistance is however more needed, non-profes- 
sional incompetence is more shown, in the actual examinatiou 
and selection of tbe plans, than in any other point whatever. It 
93 no easy thing to understand the geometrical drawings for a 
building. Even architects sometimes fail to see at a glance the 
excellences and defects of a plan submitted to them; and if 
"reading" a plan be a matter requiring that even those who 
spend their Uvea making plana should devote time and care to it, 
how much more will persons not familiar with the nature of 
such documents need to give it their best attention! It seems 
however clear, that frequently non-professional judges take it for 
granted that any arrangement proposed for their adoption will 
do, and confine their scrutiny to tbe external appearance of the 
building. Even here, however, they are atill to a certain extent 
at sea, as they are less frequently competent to tell whether a 
perspective view ia correct or not, than to tell whether a plan is 
rightly arranged. 

The inexperience of any ordinary set of business men when 
they come to examine a set of drawings lays ibem open to be 
attracted by many circumstauoea that are purely adventitious, 
besides exaggeration or inoorrectueaa in ]>erspective views, — ^such 
as the scale of the plans, size of colouring, or mode of getting up 
in general. To prevent this, as uniform a mode of procedure as 
possible ought to be insisted on, both as to scale, mode of colour- 
ing, and even number of drawiugs. It is a source of frequent 
complaint that those who, having more leisure or more money 
than others, are able to produce very voluminous sets of plans, 
stand a better chance than others less favourably situated. There 
undoubtedly is some ground for this complaint, but it msy fairly 
be questioned whether it will ever be possible to put competitors 
quite on a level in this respect, nor would it perhaps be quite 
iust, if practicable, to adopt means for doing so. He who exerts 
himself tbe most, and elaborates bis design to tbe fullest extent, 
is not unlikely really to deserve best of the judges; and though 
his elaborate work may be occasioned by his having ampler re- 
sources, it is by no means unfrequently the case that more zeal 
and greater industry are the real reasons why one set of draw- 
ings are more in number and better in finish than another. 

Among other things, tbat breach of conditions known as **ex- 
tensiou of time,*' is fi-equentl}' to be deprecated, thongh as it is 
usually an open arrangement, made known to all, it is perhaps 
excusable. There can however be no excuse for the impropriety 
—constantly committed — of receiving plans after the time ap- 
pointed for their coming in; a proceeding which very frequently 
gives an unfair advantage to the architect who has counted upon 
tbe laxity of the committee, and has overstepped the prescribeil 
date. 

When an adjudication is come to and made known, it is a matter 
of grave complaint that tbe author of the prize design is not inva- 
riably named the architect of the building. One cannot feel 
surprised that committees should desire to be left free to put the 
building into tbe hands of any pei'son they please, after acquir- 
ing for a very low price the design which out of a large number 
strikes their fancy most Architects however ought not to en- 
gage in competitions under circumstances which would lender 
this possible; and public bodies would not resort to the plan 
quite so freely, did they know how very much of the success 
of a building depends on the care with which it is carried out. 
Tbe money-premium is not remuneration enough to induce an 
architect to compete: the bare honour of gaining a competition 
is not worth much. It is the actual extension of practice, and 
tbe employment, honour, and emolument flowing from, actually 
building the proposed structure, for which competitors are eager, 
and to which they undoubtedly are entitled. Instances have 
occurred in which a design only has been advertise^l for, with the 
expressed condition that the author of it waa not to superintend 
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it Under these eireoinstaiices the nomber of oompetiion hai 
always been small, and their professional standing moderate; and 
in tlie many cases where the offer of a premiom is aoeomnanied by 
an intimation that the committee will not consider tnemselves 
pledged to employ the sacoessfal architect, competitors always 
entertain the hope that if succeftsfal in obtaining the prize they 
shall also succeed, notwithstanding this stipulation, in procuring 
the employment, since, if not promised, it is yet not absolutely 
denied them by the terms of the conditions under which they 
compete. 

The laat topic npon which we shall touch is the custom of 
inviting anonymous designs, to be submitted marked with a 
motto only, and with precautions such as are apparently framed 
with a view to ezdude anjrthing like personal interest. It will 
be a matter for future discussion whether interest, is. personal 
acquaintance between the competitor and those who propone to 
erect the building, ought to be entirely excluded. It is however 
certain that the attempt, even if made in the most entire good 
faith, will be very open to failure, if the committee or other 
employers are themselves judges: and the underhand use of inte- 
rest, or the suspicion that underhand influence has been at work, 
whether that suspicicm be well founded or not^ are so extremely 
undesirable, that we have no hesitation in saying that if no auch 
middle course as will be hereafter suggested be adopted, the 
mottoes had better be swept away, and architects had better sign 
their own names to their plans; and if they go round to canvas 
for votes, do it oi)enly, and allow their rivals to do so too. 

Such are some of the undesirable circumstances attending 
npon competition. It is not pretended that architects have it in 
their power to remedy all of them, but it will be shown that it 
would be quite possible by combined action to remove entirely 
some eviU, and to liehten the pressure of others; and it is not 
too much to believe that if the profession did its part manfully 
and weU, public opinion would come to its support, and would 
cause the removal, or at any rate the palliation, of other just 
causes of complaint which it is quite beyond the power of archi- 
tects to remedy either by acting singly or collectively. 
{To be continued.) 



COLOUR ON STATUES.* 
By Joinr Bell. 

In March of the year before last, the subject of colouring 
statues was brought before the notice of this society in a paper 
by Prof. Westmacott That paper went carefully over a large 
portion of the subject. It treated of the degree in which there 
were evidences of the old Greek sculptors having added colour to 
their statues. It also argued tlie subject, whether or not this was 
an Improvement to sculpture. It also registered the professor's 
valuable opinion that it was not The Dean of St Paul's pre- 
sided, and gave the weight of his learning and testimony to the 
view that there was no proof of the Greek statues having been 
coloured, except when forming parts of architecture. Prof. 
Doniddson ana Mr. Grace however, wlio both took part in the 
discussion, inclined to the colouring of statues. Even with the 
chance thereby of leaving my argument incomplete, T would 
avoid recapitulating wliat passed; all which is to be found re- 
ported in the * Journal of the Society of Arts* for March 2, 1859. 
In what follows indeed, I wish, as much as possible, to avoid 
going over the same eround, content rather to supplement than 
to cover the whole subject My i*emark8 therefore will be chiefly 
addressed to considenng — firstly, with what object the Greeks 
colouretl their statues when they did so, which was by no means 
their constant practice; and secondly, to submit the only way in 
which I conceive that colour can be suitably associated with 
statues at the present day: thirdly, with a few words as respects 
the joint exhibition of paintings aud sculpture (as being part of 
the Hubject of colour associated with statues) these notes will con- 
clude. In order however to attach them to Mr. Westmacott's 
address, I must go back a little, to make them overlap and unite, 
but will repeat as little as possible. 

On the occasion I speak of, the Dean of St Paul's remarked 
that there was a passage in Plato which was a stronghold of Mr 
Westmacott's antagonists, to which however the professor had 
not alluded. With your leave I will quote this now: it is from 
'Plato de Bepub.,' lib. iv., aud is contained in a rejoinder of 
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Socrates. We may remark by the way, as Uiis gives more 
anthoritt to the point of the passage, that this revered Greek 

Ehilosopher was not only the son of a sculptor, but for some time 
imself wrought at the profession. This is the passage: Socrates 
speaks — ^"Just as if," he says, "when •painting statues, a peraoa 
should blame ns for not placing the most beautiful ooloars on the 
most beautiful parts of the figure— inasmuch as the eyes, the most 
beautiful parts, are not painted purple, but black. We should 
answer him by saying. Clever fellow, do not suppose we are to 
paint eyes so beantif^ that they should not appear to be eyes.? 
This passage, we may well admits alludes to the painting of 
statues — ^the word for statue beinff andrku; but it does not say 
that the flesh was painted, nor that these were marble statues 
which were so treated. We ourselves in our towns po os ess 

glinted statues of wood, as in those of that distinguished North 
riton of which we still remark images in some of our old snuff- 
shops. The Greeks also, as Pausanias informs ns, had in iheit 
gardens and groves figures of plaster and wood whicii were 
painted. Br this pco^e however, without doubt, many statoea 
were painted, of a much higher order than these, and even oeea- 
aionally those of their gods. 

Another remarkable passage from the ancient authors, brought 
to bear on this subject by tlie polycbromists, is that firom Plmy 
(lib. zxzv. cap. 2\ in which he says, speaking of Nicias the en- 
caustic painter, that Praxiteles, the great Athenian sculptor, 
when asked which of his marble worke best satisfied him, retried— 
'' 'Those which Nicias has had under his bauds.' So modi," says 
Pliny, "did he prize the finishing of Nidas** {Tantum eireinii- 
lUwni ijua tribuAot). Now the whole force of this passage turns 
npon the meaning of the word dreumlitio. In the aiotionary this 
word is translated "polishing," as indeed its derivation points 
out But the polycbromists say that Praxiteles could not haw 
meant polishing. Nicias, thev say, was an encaustic painter, 4,0, 
one who painted in wax, laid on with heat; and that ther«fore 
eircumlitio must have meant painting the statues in encailstio. 
This, you see, however, contains no evidence, and may be taken 
as an example of what is called " begging the question." A little 
circuit perhaps may bring us round to a truer explanation of the 
passsge. At times of festivity the Greeks delighted to oil their 
bodies, as did the Romans also— a somewhat burbarian practice, 
as it seems to us now, but so they did. To give a similar shine 
and gloss to their statues they occasionally waxed them, as the 
Bomans did also. Nicias, as no doubt he used the best wax for 
his pictures, may probably have superintended this process for 
such of Praxiteles' statues as that sculptor prized the most; and 
there ends the whole story, for not a word is said about -coloiir 
in it. Moreover, the question put to Pittxiteles was rather a 
searching one — ^'^ Which of vour statues do you like the best?" 
Also a direct answer might have given offence in some quarters. 
Thus however did he parry it gracefully, by saying, **Tbose 
which Nicias has had under his hands." The whoTe misap- 
plication of this passage seems to arise, not from what Praxi- 
teles himself said, but from what Pliny has volunteMed: 
Tantvm circumlitioni ejui tribuebat — "So much did he attri- 
bute (or ascribe) to the polishing of Nicias." The truth t% 
that it was a pretty ad captandam speech— one such as Pliny 
loved to record, and as such has been handed down with a 
force and meaning attached to it to which exi^ination shows it 
has no claim. 

In the two quotations I have made exist the principal strong- 
holds of the statue-polychromists, as regards ancient authority of 
this kind in evidence of Greek practice. Having given prece- 
dence to these I will now proceed to mention one or two on the 
other side of the question. 

In the discussion after the paper here on the occasion I have 
refeired to, the Dean of St Paul's brought forward a valuable, and 
to me a new passage, bearing on the subject — ^namely, one that 
occurs in line 406 of the Agamemnon of iEechylus, in which 
Iphigenia, when about to be sacrificed, is compared to a statue, 
"from the want of life or speculation in her eyes." "This simile,** 
the Dean justly remarks, "would not have been used if the eyes 
of statues had usually been coloured." 

Now, however, I would return to the practice of Praxiteles, so 
much advanced by the statue-polychromists. In support oi Mr. 
Westmacott's views, in the course of the discussion on the oooa- 
sion I have mentioned, I alluded briefly to the following illustfa- 
tion, which now however I will give a little more in detail i« 
the following story. In the .£gean sea. not for removed fron^ 
eadi other, are two islands, the island oi Cos, and the island eC 
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Coidos. The inhabitiuits of the former island— that of Coo- 
desired to have a statue of Yenas in the finest marble, and they 
commissioned Praxiteles to execute it Anxious to give satis&c^ 
tion, the sculptor in response made, not one statue, but two of 
this divinity, one nude, the other draped. Having done so, he 

Sve his employers their choice. The inhabitants of Cos selected 
e draped version. Perhapa there was an Art Committee ou the 
occasion, for, as it appears, they did not choose .the best At least, 
the other one, afterwards purchased by the inhabitants of the 
neighbonriDg island of Cnidos, became eventually by far the most 
celebrated of the two. At that time (about 300 or 400 years before 
our Saviour) pretty nearly every isluid in the iBgean had its 
celebrated statue of its tutelar divinity; but this Cnidian Venus 
was by far the most celebrated of all. It was however but life- 
aixe, was in Parian marble, and was no doubt exquisitely con- 
ceived and worked. A small temple was built for it in the 
midst of a beautiful garden: the temple was open on all sides, so 
that it could be seen in all views. The Cnidians valued it be- 
yond all their possessions. The regard for it was not limited to 
them however, — Niooroedes, king of Bithynia, a neighbouring 
state, having offered to remit a verpr large public debt which the 
Cnidians htM contracted with him, if he might become the posses- 
sor of it; but the offer was declined. Moreover, it was not merelv 
"the cynosure of neighbouring eyes,'' but strangers came from aU 
parts of the world to see it "Many persons," says Pliny, whom 
I have been quoting ptusim, "sailed to Cnidos with no other 
object but to gaze on this statue. It was,*' he adds, "not only the 
finest statue of Praxiteles, but the finest statue in the world.'' 

Now was this statue painted. Not a bit of it. At least not a 
word is mentioned of colour or tint in all Pliny's account of it, or 
in the still more detailed one by Lucian. Is it to be supposed 
that if the eves, for instance, had been painted blue or brown, or 
the hair dark or &ir, that neither of these two authorities would 
have made the slightest allusion to it? Pliny says that in every 
point of view this statue was beautiful, and that visitors remarked 
that, whichever way they approached her, "the goddess smiled 
benignantlv upon them." Also Lucian, in his 'De Amore' (divi- 
sion 13, vol. v.) tells U8 that the mouth was a little open, and 
somewhat smiling. In another part he expatiates on the beauty 
of the hair and forehead, and admires the precise yet delicate 
eyebrows; but not a word about the colour of the hair and eye- 
Intows. He then makes special mention of the swimming softness 
of the eyes, but not a word about their hue, which surely he 
would have mentioned had they been tinged, however slightly. 
The position of one hand of this statue was similar to that of 
the Yenus de Medids, as we see by some coins of Cnidos con- 
taining representations of her; — for alas! the statue itself no 
longer exists, having been taken away to Rome, and thence 
eventually to Constantinople, where it is said to have perished 
by fire. The other hand held a pendant of drapery, that fell 
over a vase, but there is no mention of colour on either of these 
accessories! 

But the part of the evidence which is yet to come is far the 
most important, as it has direct reference to the surface of the 
undrapea portions of the figure having been left untouched by 
colour. "This statue," Lucian adds, "was of Parian marble, and 
a blemish or stain on the left thigh was the mora remarkable 
on account of the extraordinaiy brilliancy, (Aofiirpams, or splen- 
dour) of the marble." This is the peculiar characteristic of 
Parian marble— far more beautiful than the Luna or Carrara 
marble we now use — and it illustrates that its native surface and 
hue were untouched. There is a very fine specimen of Parian 
marble in the British Museum, of a hand holding a butterfly, 
probably that of a Psyche, in this marble. There is an exquisite 
creamy, glowworm-like look about this marble that is most 
charming. It has just the degree of transparenc>; of young flesh 
Itself, and possesses, as it were, a native semi-lucency of its own, 
like that or the Milky Way, or of a summer sea. 

Let us however look to the further pertinence of Lucian's de- 
scription. There was a stain on the marble, he says; but adds, 
that the effect of this was only like that of a foil, which rendered 
the brilliancy of the rest of the marble more remarkable. Now. 
however much this fancied foil, but real blemish, was converted 
into an additional charm by the lover-like attachment and conse- 
quent special pleading of the admirers of this cherished work, 
yott may be sure that the sculptor himself, when he made it, was 
not of this way of thinking. Solicitous as we sculptors are to 
obtain the nnrest and most spotless marble, especially for this 
daw of worjc; we may be qnite sure that Praxiteles, would have 



been veiy glad, if he could, to have concealed the blemish in 
question; and tiiat if his friend Nicias had really been in the 
habit of colouring his statues, it was on an occasion like thia 
that his services would have been especially in requisition. 

Pauited therefor^, as regards the flesh, it certainly appeare 
that tliia ehe/^auvre of ancient art was not, or the blemish in 

Snestion would have been the first thing to have been concealed, 
[either could it have been stained, both because there is no men- 
tion of this, but also the word \anirpmts is conclusive on thia 
Eoint And I would submit that it were as vain to paint the 
ly, or gild refined gold, or varnish a diamond, as to attempt to 
add to the poetry of pure Parian marble by any colour enhance- 
ment whatever. 

When also this remarkable instance of the non-colouring of 
this celebrated work of ancient art is brought to bear upon the 
general practice of those times in respect to colouring marble 
statues, the evidence afforded by the passages I have quoted^ is 
the stronger just because it is negative. Had Pliny or Lucian 
felt called on to say that the Venus of Cnidos was not painted or 
stained, it might have been argued that she was an exception to 
a rule that otherwise prevailed; but not a word appears on this 
subject Instead of this, both writers treat the matter just as we 
should now, or at any other time when the painting of marble 
statues has been, as now, not the general practice. There are 
various other points which, having l^u gone into before, I avoid 
repeating, and I rather look to upholding my views by contrast- 
ing two, as it has happened, on each side, of the principal passages 
on this subject, than by an elaborate array of various authorities. 
Nevertheless, I am prepared to allow that Archaic and iEginsetan 
sculpture may have been frequently treated with direct colour, 
both from the force of old precedent, and from each art, painting 
and sculpture, not havinff been originally sufficiently advanced 
to go alone. But assuredly I do not believe, as indeed there is 
no proof, that in the best times of Greek art independent marble 
statues were ever painted, nor indeed any highly-wrought statues 
at all painted, except for purposes of idolatry. And this brin^ 
me at once to the proposition I have to put before you. it is 
this — ^tbat the ancient Greek statues were only painted when 
they were idols, and when they were intended to l^ worshipped; 
and thus, when these statues were painted in Greece, that it was 
priestcraft and not art^sraft that painted them. 

Having now laid this distinct proposition before you, for you 
to consider whether it is right or wrong, I will proceed more in 
detail. Doubtless there were many ancient Greek statues that 
at any rate were not monochrome, but on the other hand, of 
various colours, and in many cases I believe painted up to full 
tints. These however were not, I conceive, usually in marble, 
but their chief examples come under the head of the chrva- 
elephantine art of the Greeks used in the temples. These Greeks, 
like the Egyptians, made gigantic statues of their gods — Jupiter, 
Juno, Minerva, Apollo, &C., not however in granite, but some- 
times in marble. Usually however these very large figures were 
made in metal, either cast or beaten work, or in ivory and gold, 
that is, with a surface of thin veneers of ivory and plates of gold 
laid over a framework of wood, so fashioned as just to allow their 
thickness to make up the substance, form, and surface required. 
This seems, no doubt, a strange patch work- way of making up a 
god, like a piece of upholstery, and vastlv inferior in dignity to 
hewing him out of granite or marble; and indeed, had we nut re- 
liable data for the practice, we could hardly have l)elieved that 
such a people as the Greeks would have so wrought However, 
as my audience are not perhaps conversant with Quatremire de 
Quincy's or M Ciller's account of these proceeding, I will give a 
few sentences on the subject drawn from what Qiey say. First, 
I would premise that these chrys-elephantine, or gold and ivory 
statues, were not uncommon in Greece and the Grecian islands, 
— ^indeed, that it was i( received way of making a god in those 
days; and that moreover they were not unfrequeutly of great 
size. The Jupiter of Elis, although seated, was 60 feet high; and 
the Minerva of the Parthenon, standing, 40 feet Both of these 
were by Phidias. Among various other large examples of this 
art were the Juno of Argos, by Polycletus; the .^Esculapius at 
Epidauras. by Thasymedes; and the ** Great Goddesses" at Me- 
galopolis, by Damaphoon. 

The first thing to be done in making these giant works, after 
the model was prepared, was to put together a great framework 
(^ wood as a core, yet hollow within so that the workmen cculd 
get inside to adjust the work and rivet the veneers of ivory and 
gold whic^ were to form the sarfiBce; and no doubt for convenience 
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thej had stages and eUrrcases vftbin these great st&tuea, the 
wootlen framework of which was, as Muller id forms us, strength- 
ened acrosft with rods of metal. But he shall speak for himedf: in 
di%uflioti 312 of hia elaborate work on ancient art, this author thns 
iaforms us:— **The ancients received from India, but especiallj 
from Africa, elepbanta' teeth of considerable size, by the splitting 
and bending of which, *a lost art/ but one which certainly 
existed in antiquity, they could obtain plates of ivory from 12 to 
20 inches in breadth " I may here be allowed to remark that in 
the Exhibition of 1851 this 'Most art»** so called by Muller, 
«eeme«l to have been revived, and carried even further than by 
the Greeks. A prize medal was awanled on Ibfit occasion to 
Messrs. J, Pratt and Co., Meridan, < 'onnecticut, United States, 
for Bpecimena of ivory veneers cvit by machinery. "These ve- 
neers were exceedingly delicate" — I am quoting the official 
report — "one piece alone being 12 inches in breadth and 4t» feet 
in length, and having been sawn from a single tusk." Perhaps 
some of those present may remember this remarkable example of 
the iogenuity of our brothers over the water, pentlent spirally, like 
a great carpenter^s shaving. But to return to the*e great Greek 
stAtaes. "In executing one of these," says Muller, *'aFt«»r the sur- 
fiice of the model was distributed in such a way as could best be 
reproduced in these plates, the individual portions were accu- 
rately represented by sawing, planing, and filing the ivory, and 
afterwards joined together, especially by the use of isinglass, over 
a kernel of wood and metal rods. The holding together how- 
ever," he adds, **of the pieces required incessant care;** as indeed 
we may well conceive, as ivory is apt to expand and contract, 
and warp and curl, in changes of moisture and temperature. 
Indeed, it must be acknowledged that the whole process and 
sham nature of the work thus described impresses us with want 
of dignity, lack of permanence, and the necessity of repair. From 
a passage in Valerius Maximua, it appears that Phidias desirt-d 
to make the figui-e of Miuen-a for the Parthenon, not after this 
fashion, but in marble: he was however overruled. Had the 
sculptor had his way, we should probably have had now existing 
some grand and noble remains of it^ in addition to those invalu- 
able OTjajments of mme of the subortlinate statues which "we 
POBseaa in the British Museum. But the priests had their will 
Idolatry had its way iDstead of art, ami in consequence — oh, Just 
retribution ! — not a pinch of dust remains of their daughter of 
Jove. Now, cherts paribius^ the priests must, we suppose, have 
diesired permanence for their gcil, and must have been well 
aware that this upholstery-manufacture made of making it was 
not likely to last like marble. Also, this mode could not have 
been selected, as has been suggested, merely because of its supe- 
rior costliness, because the introduction to a greater degree of 
gems with the gold, as was sometimes done, would easily have 
made the marble work as coetly aa, or more so than the ivory. 
Also, the untouched surfiu^ of ivory Lb by no means more beau- 
tiful as a representation of flesh than marble, — much less so 
indeed as regards permanence, as it gets yellow and discoloured. 
But then, on the other hand, it is highl^^ suitable tor receiving 
the most delicate and pure tints: it is therefore much used by 
miniature painters. Most of the beautifiU works exhibited last 
year in this room, of the late Sir William Boss, were painted on 
this materiaL It is probable however that the ivory surfaces of 
these colossal statues were rather stained than pamte*!; and ivory 
takes these stains evenly and with tacility, which marble does 
not. The examples indeed which I have seen of colouring 
marble, especially with tinted wax, have l)eeu singularly unfor- 
tunate. Marble is apt to be unequal in its grain, and takes the 
colouring matter capriciously. In the imitation of flesh a gTeaj»y 
unpleasant effect is the result, and where the grain of the marble 
shows coarsely, what is vulgarly called a '* goose-flesh" appear- 
ance is produced, which is certainly neither agreeable nor divine. 
Doubtless the Greeks imagined that their go<ls had pure com- 
plexions as well as beautiful features. The empyi-ean airs of 
heaven might well be supposed to imbue these with an exquisite 
delicacy not to be imitated by the permanent treatment of any 
surface less capable of refined tints thsm ivory. 1 am well aware 
that in the few hist sentences I have been hazaiding a somewhat 
novel theory, in this special reason I have submitt^ for the use 
of ivory in the colossal idol ail of the Greeks, but pray accept 
the explanation that I do this not dogmatically, but only for die- 

CDSSiOD. 

Even however in entertaining this view of the great statues of 
the presiding genii of the Greek temples having been thus surfaced 
with ivory for the purpose of being ooloured up to a reined rer- 



flion of the tints of nature, we must not be under the impressioa 
that they had a common vulgar effect, like that of wax figures, 
for which we have an instinctive repugnance. This indeed would 
have defeated the very object which the priests had in view — that 
of impressing the multitude. Indeed, in as far as it could work at 
such a disadvantage, no doubt the exquisite taste of the Greeks 
was also applied to the finish of these works. The Minerva of 
the Parthenon was no mere sham of a great woman, but in the 
hands of Phidias was a bold though coerced attempt to realias 
the tutelar divinity of Athens, the immortal virgin of Wisdom 
^a being solemn and impassive, far above the human level, and 
through whose veins couraedt not blood, but celestial ichor. 

Dramatic effect in their worship was ever sought by the 
Greeks, and it was only at sjiecial times that their divinities were 
unveiled at all to the general people. On such occasions evoy 
means was taken to work upon the senses. Coloured curtains 
tinted the light, ceremony lent its impression^ and music and the 
chant their charm. Cen?*ers filled the air with their ambrosial 
vapour, and sacrificial clouds waved before the divinity, like 
those of his own imaginary lieaven, from behind which, to the 
entranced votary, weB might the mystic god almost or quite 
seem to breathe, frown, or smile. This was a '*wiusummHtion 
devoutly to be wished" by the priests, for then the fame of their 
god increased, and oflTerings flowed into their treasury. To eflfect 
impressions like these doubtless was it that these great statues 
were painted up to a key of divine life which assuredly could 
not have been reached by the mere natural tints of ivory and 
gold. It was to accomplish this that the powers of such as 
Phidias were thus coerceil, and it was under all these devices 
that these magnificent idols were manufactured in those old days 
as the agents of fM>lytheism and superstition. Whenever, also, 
the statue of the god himself, in the penetralia of hia own marble 
house, was thus treated with the hues of life, doubtless its own 
immeiliate suboniinates around, especially within the buildinf^, 
had in some degree to wear his livery. Also, when polychromy 
spread in addition over the exterior architecture, harmony dic- 
tated that some variation of colour should be connected also with 
the outside sculpture, as especially in the backgrounds of the 
tympana, metopes, and friezes. As regards however the statues 
themselves in these si tnations, the variety of tint was probably 
confined to that obtained by difference of material, as in shields^ 
swords, helmets, and bridles of metal, and not by added surface 
colour, requiring constant and extensive repairs not capable of 
being done in secret, as was the case with the interior figures. 

Thus do I conceive t]iat the Greeks did colour some of their 
statues, and that they did so in different degrees, which however 
may be divided into two general styles of execution. One was 
the painting or staining them more or less to imitate reality, for 
the higher classes of which work it was, I conceive, that ivory was 
used, as in the great gods of the tem^des. The second was the 
obtaining of variety of colour by difference of material. The 
former of these treatroeuta can only, I conceive, find its excuse, if 
excuse it may be called, in the idolatry of the time. The second 
partakes of the character of mosaic work, and is perhape less ob* 
jecttonable in priueiple; but as an art it is assuredly more curious 
than beautiful, as may be remarked of several late experiments 
in this direction by our neighbours the French. 

While however it may be readily acknowledged that Greek 
artists, coerced by polytheism and superstition, did occasionally 
colour some of their most prized works; yet on the other hand, 
with respect to the highest class of their independent marble 
statues, it is equally evident that they were lett untouched in 
this respect, as we have seen waa the case with that mtJSt 
cherished work of them all, **the Veuns of Cnidos.** 

I would thus submit that Greek art-craft made beautiful statnea 
— unooloured — as works of art, and left them so; and that it was 
Greek priestcraft that made them coloured — as idols, and as en- 
gines of state religion. This is a broad distinction: as such I ven- 
ture to submit it to you as a clue to what I readily acknowled^ 
to have been the varied character of old Greek practice in this 
respect. 

We will now proceed to later times. Here the reflection ob- 
trudes itself upon us, that even now we meet occasionally with 
ooloured statues which savour of superstition; but 1 would avoid 
this phase of the subject, and as regards modem times restrict 
myself solely to the art- craft of the question. In the Reuaisaanee, 
or revival of the arts in Europe, we hear nothing of colouring 
marble statues. In the time of the learned Leonardo da Vind, 
Michael Angelo, Baffaelle, John of Bologna, and others gn»at m 
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art, wd find no iu^t&nca of marble statues baviDg be«u coloured. 
Michael Augelo, who was so remarkable for the unioa in his obo 
persoQ of all the arts, beiug at ih« same time tm admirable 
architect^ painter, scnlptor, au*J decorator, never attempted to 
eoloar hid marble statues. It is true that ct:>louritig waa afterwartla 
applied to statues ami relievi, even of couaiderable size, by Luca 
della Kobbia and others; but these works were out in marble, but 
in porcelaiO) and more Biib<>nlinate than any fine work of sciilp- 
ttire can ever be, however harm unions with the situation m 
which it is placed. The marble Moses for the tomb of Julius, 
and the wonuerfal groups of the Metlici monuments, have come 
down to us in their Uittive monochrome, untonched by change of 
tint, except such as time has supplied. Michael Angelo, that 
representative in one of all the arts of bis time, did not mingle in 
one object the two arte; nor does it appear that in the more import- 
ant works of the Cinqueceuto, marble statues were ever colouredj 
nor, great as was the attention given to the works of ancient sculp- 
ture that at this period were from time to time disco verf^l ttmong 
the ruins of Italian towns, especially in that of ancient Rome, 
does it apf>ear that theae great miiatei-s ever contemplated the 
idea that such works were ever cfjloured. It appears therefore 
improbable that any remains of colour were found on the Apollo, 
tlie Venua, the Laocoou, or other celebrated works when first 
exhumed; nor does any colour seem to have been found on the 
statues in Herculaneum and Pompeii, although the colouia on 
the walla of the apartments in which they were discovered were 
alill tresh and vivid. Thus neither in ancient nor modern Italy 
does there appear any proof of the prevalence at any time of the 
oolouriug of indejiendent marble statues, any more than in 
Oreeoe, 

Having thna set forth my view as to the practice of the 
ancient Greeks in thia respect — namely, that they did not colour 
their statues except for purposes of idolatry, for which reason we 
find this treatment only eonuected with their temple architecture, 
and that not always, we naturally come to the consideration as to 
whether we should colour our statues. At any rate, in these 
isles we are not idolaters. Our church is not one of idolatry; and 
therefore we have not, as I said before, that excuse, snch as it is, 
for oolourtog statues that the Pagans bad. 
^ Quitting however for a moment this vantage ground, let us con- 
aider the matter merely as au art qQeation. Let us first consider^ 
k fehs addition of colouring to statues to be looked upon a» an ad- 
ranee in art, or a retrogression? The polychromists wiJl of course 
hold it to be the former, while the mouochromist in sculpture 
wiM represent that it is rather a confusion of those arts which 
good taste has gradually separated in the progress of civilisation 
into distinct languages of humau expression* The polychromist 
will claim honour for uniting the charius of c* lour with thoae of 
Ibrm, as the evidence of advance and improvement, while the mono- 
dhromist will point with a significant finger to the earliest eiforts 
of art, when the arts of form and colour, each barely sufficient in 
itself to suggest even an animal, a man, or a god, were obliged to 
dub their means to produce anything like a clear result. We are 
not without illustrations of this even now, in our most inferior 
apecLmens of potteiy, sold about the country to cottftgers by 
^'Cheap Johns, ' in crude little images of children, dogs, and jmr- 
rota, &a, of which the form is so iucomplete that the intention 
oould hardly l>e recognised but for the aid of colour. 

In primoeval times the first thing that men attempted in art 
was probably in the way of hero worship, in the making of 
ioiages of their ancestors, or of great tyrants, as a sort of gnar- 
dtana to their houses, and to be prayed to and pi-opitiated in the 
cha9e or war. The more living these could be made to look by the 
artist's hand^ and the more ferocious, the more effective no doubt 
was deemed their mystic power, and hence from these beginnings 
arose that evil fetvture that has played so large and lamentable 
a jiart in the history of man — tlie idol. This form of supersti- 
tion we have I trust thrown off for ever, except in a region 
in which I have no doubt we shall all allow tbei-e is no objection 
to it — in the nursery — where it appears with but little change of 
name, in the form of the doll. Doll is only an abbreviation of idol. 
It is an infantine abbreviation; it is the way a little child would 
strive to say idol. In the original Greek the word is KxSwAar; in 
the Latin, idoium; in the English, idol; and in the nursery, doll. 
You may recognise readily that these little images are, to all 
effects and purposes, coloureil statues, Also, we may say that in 
the nursery they are to a great degree worshipped, estjecially 
when they are new: a new doll is to a certain degree a divinity 
for ^6 time being. However^ these kinds of idola are no lon^ 



"ferocious." On the contrary, they are produced as pretty as wax 
and carmine and silken tresses can make them. They even open 
and shut their eyes, which is an advance even beyond the cruseo- 
okph&utiue statues of the ancients. At least, I have no lecollection 
of any record of winking divinities in thoae days. We can have no 
objection to the hai^mless and interesting idolatry of the nursery 
towards these little images: there is nothing that breaks any 
commandment in that. I would here remark that these little 
figures possess one great advantage over any coloured marble 
statues that I have seen — namely, in having eyelashes. The want 
of these natural and beautiful fringes to the eye in auch coloured 
marble statues as I have seen is very un pleasing. Of course in 
a pure marble statue you do not feel this, but when coloured the 
want is sadly apparent, and I do not see how it can be got over. 
There are some evidences of bronze eyelashes having been addeil 
in some of the ancient works, but tlie effect of these could not 
be very happy, one would think. The children's favourites are 
more fortunate iu this respect. Pray do not conceive that I 
introduce these nursery statuettes in any way for the purpose of 
throwing ridicule upon the subject of coloured statues, but only 
as an illustration of the sole phase of the ** coloured statue" which 
I conceive to be at the present time legitimate as a matter of art 
or r»*gard. 

However, I must not let this happier phase of the idol draw 
me away from our view of the original type, or from the broad 
consideration I desire to Illustrate — namely, that all biirkirians 
and idolaters have been and are more or loss polychromists as 
regards the art of sculpture. They have all ctiloured, and while 
they remain barbarians and idolaters will ooutinue t4> colour, 
their statues. 

I conceive therefore that in these civilised days the colouring 
of statues Is not an advance, but a palpable retrogression towards 
earlier times of less intelligence and of a lower disiiensatlon; 
and moreover, as far as art is coocerncd, that a decadence would 
at once ensue on a general adoption of such a practice. A coloured 
statue or bust now aJid then can do no harm, but perhaps rather 
good, as they may serve to show they wlli not do. But there is a 
great deal of fiishion iu art Fashion is often very unreasonable, 
and if a fashion were to set in for idols instead of statues, I be- 
lieve it would do for the time a deal of mischief Moreover, as 
a matter of sense and prabability, is it possible Uf consider that 
the uncoloured statues of the Venus of Cnidos, and of the Moses 
and Night and Morning of Michael Angelo, and the noble works 
of Thorwaldseu and Fiaxnmn, are but incomplete steps, half-way as 
it were (and as having left the true track of the arts) between tlje 
first struggling idolatrous attempts when Images were all painted 
— and a more advanced and yjerfect penod, foi-sooth, when the 
same barbaric principles ai*e to be reproduced and practised? 



INSTITUTION OF CITIL ENGINEERS. 
Geo HO s P. BinnxB, Esq., President, in the Chtur. 

April 16.--The paper read was *^0a thi Fhatinff Railway acroft ^f 
Forth and Tay Ferries,'' By William Hall, A.Inflt.C.E. 

Thti work» dei^cribed in this paper were undertaken in connectioo with 
the Edinburgh, Perth, and Dundee Railway, for the purpose of estflkbltah- 
ing nJi unbriiken coraraimiufttion between Edinburgh and the cotmfery 
north of the Tay, by which gty^ula (and even paasengsn il raqmred) cxmld 
he conveyed ncrotia the ferries without retnovsl from the waggons. 

One of the chief difficulties wluch had to he overcome aroee from the 
difference in the levels of law and high water, •veraging 16 feet at 
spring tJdeB. .Several plAns were proposed: among others hydraulic and 
(Tteam cram^H, to lift or lower the waggons, but it wan conHiderDd that 
this would be too slow a prooefls, aa well ae be liable to damage the wag- 
goQB. Another design pfopoaed girders 100 feet in length, bAving ana 
end hinged on tthure, and the othtir attached to a floating c»iaa<->n, to rise 
and faE with tho tirle; but owing U> the exposed situation this would 
have renderefl neceaaary the construction of costly protecting piers and 
jetties. 

The worki actually earned mit at the Forth Ferry oonidated, on the 
ensi or sea-fiitb of the piers at Granton and at Bumtisland, of a aUpwayt 
having an incUnatitm of 1 in 9, and conatructod of aoUd masonry. RalLs 
were hid up()ri thtn sUpway, on which travarsed a be&vy tdatfofiu, of a 
wedge shape, the npper tnrfaoe being alw»yi heiiiOfilaL This plstfonn 
was 65 feet in length and 21 feet in hreadtfi, and wm formed of a wooden 
framework, having four main lc»[igtti]diual timhera, into which tnila were 
sunk. The platform rested upon twenty-four coat-iron wheels, eodi 
30 inohes in diameter, with a flaiiffe cwt on the middle of the rim, eo a* 
to allow the whoela to bear even^ on both aides of the raihi. To the 
lea-end of this travelling pl&tform were attached^ by means of u&ivenMd 
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jointe, four moagbt-mm trcmgh girden, for sp«niiing the diitftrioe be- 
IWWQ ibe plfttform and the Atern of the veaseL The girdera Wen nised 
or lowered tm requiradf bj two powerful winob israbt, placed on a fttogmg 
^Vttted abovB the pUtftum, aH »boat tbe middle of its Length, The two 
ckadDa, one on each aide, for lifttng the girdefs, weie piaseed round the 
bameJa of tbe crabs, and thenoe over two derricks to the enda of the gir- 
ders, couDterbaUncG weighta being att^Kihed to the other ends of the 
chainB. To provide for the safety' of the platform, in the event of the 
fracture of the haoling chain, two lines of racks were laid along the eur- 
face of the slipway, into which worked palls, attached to the axles 
of ^ha wbeeh. Steel points tomtng on hiztra wet« attached tn the 
ends of the girdeia, and also to ibe pier-ends m the main timbers of the 
platforuL, to pnsvent an abrupt traasltloa of ihe waggons to or from the 
veiBeL Each of the nnivetaal joiutii by which the girders were attadied 
to the platform consisted of a bolt or pivot 84 inchfis in diameter, the 
middle of which waa ballHshaped. and worked in a corre»ponditig portion 
td a cup or socket. This socket was circniar, and was made in two 
parts^ having a projectiag collar and flanges, whioh were chpped by and 
were bolted to the plates fixed to the main timbfn of the platform. Tbe 
socket was shaped in a radial form, to allow the pivot full pUy, and to 
permit of the ends of the girders moving 3 feet on each lide. By these 
means a range of position was obtained to the extent of 6 feet, to com- 
pensate for uie pitching or rolling of the vessel. 

A stationary stoom-engine of 30 H.P., similar to a looomotiTe with tbe 
wheels removed, was fixed on the quay, for nusibg or lowering the pUt- 
form and for dnwing the waggoas off tbo veael. On the crank-shaft of 
the engine was fixed a pinion working into z wheel, on the shaft of 
which were three winding drums, one placed in the middle of each line of 
nttls, and one in the oentre of the intermediate spaoe. The winding 
drums were 2 ft. 10 in. in diamster, with flanges, on the penpfaery of 
vHiich wood was boltefi, and round which there was a wrought-irou fric- 
tion band aoiing as a break, Tbe speed of the engine was deoreased by 
toothftd wheek and pinions; seventy strokes of the engine giving thirty- 
five revolutions to the drums, and, by other intermediate wheels and 
piniona, three revolatiions and one-fifth to the c^iain wheel. The w«dght 
of the platform was about 70 ions^ and It was moved up and down the 
incline at a velocity of 18 feet per minute, 

Tbe fiteam-vesset, named the Leviathan, for conveying tbe goods 
traffic across the Forth, was bmlt by Mr. K. Napier. It waa oonstmctod 
of iron, 172 feet long, 541 f*^* *^ breailth over and 84 feet between the 
paddle-wbeelB, with 11 feet depth of hold. The draught of water when 
loaded was ^ feet, and when unloaded 4J feet. The vessel was pro- 
pelled by two steeple-ei^gines, each working its own paddle, of tbe ooUeo- 
tive nominal power of 210 H.p. On the deck there was standage for 
three lines of waggons, the end one« on each line being "scotobed." Tbe 
description of mil used throaghoat was the inverted bndge-rail, weighing 
58 lb. to the yard, the same as on the Grauton Pier; and they were sunk 
into tbe longittKlinal timbers so as to be flush with the norface of the deck* 

The worki at Gr&nton and Burntisland, on, the Forth, including tbe 
slipwaye, platfnruui*, stationary engines, and goaring, cost £10,000, and 
tbe Le^riathan complete, £16,226. Tbe working expenses for six months, 
ending July last, were £763 for tbe stationary engines and maohineryi 
and £1305 for the veaeel 

Tbe Leviathan generally made from four to five double trips, a dis- 
imce each way of 54 miles, in tbe day of twen^-four hours, and could 
iJn from thirty to thirty'five wsggons at a time. During tbe la^t mk 
mouths 37,^18 trucks bad been so conveyed across the FoHb. The time 
oocupicd in making a single trip was twentyslx minutes, and the opera- 
tions of loading and unloading were performed in &om five to eight 
mtniites. 

At the Tay Ferry, some modifications suggested by experience were 
inade. Hie incHnatfon of the slipway was 1 m S, and it was formed of 
timberft resting npon wooden pilM. The length of the Isrry was only 
Itbs of a mile, llie vesMxl, the Napier^ was 140 feet in length, 4af feet 
in bnadtb over and 22 feet dear between tbe paddle-whoels; and she 
was propelled by a pair of oscillating engines of 112 H.P. There were 
two lines of rails on tbe deck, with standsge for fifteen waggons. The 
vessel made from six to seven double trips, and cairied on an average 
tme hundred and «igh^ waggons per day. The works cost, including the 
slipways, ^tforms, stationary engines, and gearing, XS8O0; and the 
vessel Napier complete, £9182. 

The works were designed by Mr. Bouch, M.Inst.C.E,, and were exe- 
euted under his directions by the author; Meitsrs, Anderson being the 
contracton for working the ferries. 

In oonelusion, the author remarked Uiat the "floating railway** might 
be adtipted with advantage m all pUces where the expense of a bridge or 
a tunnel ofliBred an insunnountable obstaole, or where the navigation 
would not admit of interruption by tbe erection of a bridge, ob at the 
Marsey and Bristol CJhannels, and across the Straits of Dover. 



April 28^— The paper read was '*0n ihe Nati<mal Drfencca^ By 
G. P. BiDDiR, jun., B.A. 

The author commeDoed by stating that it was not his intention to offer 
Any opinions or ta propose any schemes of his own, or to dogmatise on 
ihos9 of others; but merely to bring together and arrange the several 



qaestioos requiring oon^deration, §o as to facilitate thsor dkooadon. The 
subje<ft was one ol Intricacy, from the changes which modem iaifmivd- 
mentfl wexie neoesiilaling in the art of warfare and in tlw ineHiA oI 
defence, aa weQ as fram liis apparent want of any deady defined |cia- 
dples of oonatmotMiL Its hmpoftaiioe was nndcoiiable, and miglii be 
judged ol from tbe iset, tbatdnring the last eight years £29,000,000 haA 
been expended in the maintenance and reconstruction alone dl the navy — 
about £3,000,000 roppeaentang the value ol new ships~beside» which 
£12,0(K).000 had been rwwn2y voted for tbe oonstructioo of military 
coast defences. 

The first queetion which irae was, whether reliance should be placed 
on the navy alone, and tiie enecgies of the oountry be devoted to tJie 
task of rendering it of such a chancter ind stiaigtJi as would insure to 
Great Britain tbe mastery ol the seas, espaoiaUy of Uiose smronndi^g 
these jsLkuds; or, whether a part of the reeouroea of the natton shouM be 
employed in providing a supplementary pnatection to the diores, by means 
of land forttfications. The insular position of Great Britain rendered it 
peculiarly liable to invasion at a great number of points^ which could not 
aU be protectei by land fortifications. But an eneony making such sa 
attempt must have ample means of transport^ as well as oonvenient 
ports of embarkation. Now im the French coast there were bat three 
ports fit for such a purpose — Oierboui^, Brest, and L'Orient; and theve 
were not any others between the Cattsgat and the coast dt Portugal, 
excepting Flushing. Again, if tbe Russian fleet desired to combine with 
that of France, it would have to foroe a pasmge through the Straits of 
Dover, or sail round the whole of the island. "Hie substitution of steam 
ehips for sailing vessels, while it increased the rapidity and certainty with 
which troops could be transported^ at the same time aqgmented the effi- 
ciency of a marine force in protecting a given extent of ooaat» and gave 
greater facilities for watching or blookading an enemy's ports, as well aa 
for convening intdligence. There was scarcely a point round the exten- 
■ive seaboard of t^s kingdom without an adjacent port or harbour, 
capable of being rendered fit at a moderate cost for the leoeption of 
vessels of war, for replenkhini; stores and ammunition. Added to whioh» 
the railway system would enable an unlimited supply of coaL, of ammu- 
nition, and of warlike st<ires, to be conveyed to these harbours at the 
shortest notice; and woidd place the entire mineral and mechanical re- 
sources of the oountry at th» disposal of the government. Th^se facta 
were important, as in future warfare a base of operations must be pro- 
vided for a fletit^ as formerly for an army, and (he naval bass mnst rest 
on an ample supply of coaL 

As the main strength of Great Britain lay in her exhaustless mineral 
reaouroes and numberless harbours, so the chief strength of the power 
from which alone invasion might be feared lay in its enormous army. A 
good steam fleet interposed a hairier whioh must be destroyed before an 
invading expedition could be deq^tched with a chance of suooess. Such 
an enterprise aa an invasion would seem hopeless in the face of a quick, 
vigilant, and powerful fleet. But if that fleet were woti?ted the enemy 
would have all the advantage of hia aupenor military orgiuiisation. Such 
a contingency should be provided for by improvements in the coast lines 
of railway; and if It occurred, the labomiqg power of the country should 
be employed in throwing up earthworks, in desttoying roads and bridges, 
and in impeding the ailv&noe of an invading army,— a service in Wmch 
the miembers of the Institution might be made eminently useful. 

It was Gontende<l that any attempt tt) ]:>rotect the shores genarally, by 
the erection of land fortifications, muat be hopeless, on the ground or 
eicpense alone. The question tbcn^fone reduced itself to the advisability 
of fortifying the dockyorrli; &nd arsenaLs, and possibly two or three other 
places palpably open to invasion. This could only be eflected at great 
oast, and the forts when erected would require a laige number of troops 
to man them. If the same amount of money were employed in the oan^ 
atruction of additional ships of war, this end might be answered quite as 
efTectually; and an attack on tbe araenals could scarcely be contemplated 
so long as the Channel fleet remained intact 

Assuming then that it was oonsideied essential to render the Channel 
fleet as atrong and as eflfective as possible, it was submitted, having 
regard to the UMidem improvemienti m gunnery, and the application of 
steam power to propulsion, that vessels of war shotild be adapted to 
utilist- and develope to the greatest extent the peculiar resources of this 
Ci>untry— iron and coal, l^t they should also be adapted to economise 
the actual supply of efleetive seamen. That tlM?y should Ijo designed to 
attain the highest speed coosustent with other quahtiee, by giving them 
finer lines and greater length, such as it was hofielees to attempt with the 
heavy bluff bows at present in favour. As to the material which should 
be u«ed in the future navy, it had been proved that the prestint vessela 
were indequate to support the additional weight imposed on them; and 
it was well known that there was an increasing scardty of wood suitable 
for ship-buildirkg purpose, Un tlie other liand, tliere was at home an 
inexhauetible supply of iron, and the skilled labour for producing iron 
ships. The principal objections to the use of iffm were then noticed ; and 
it waa remaAed that the destructive eflccts of both shot and shell were 
now of much greater importance than the secondary effects produced by 
splintera. The advantages in the use of Iron were, the greater strsngtn 
attainable, the oomparativelv little repair and renovation rrauired. and 
the freedom from danger or loss by Are* 
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The iiezi point was, the inticIi--TOzed question of the foftific&tion of 
■hilM of WW Vj meuui of iron platen. It had boen ascertained that a 
thkikiieB ol iron of at leaat 5 incbea waa roqulred to resiet oompktely 
the heavier doacnptlon of 6hot. It wiu clear that Bueh a defensive 
armour would involve an immense addition to the weight of a ihip, Mid 
must greatly impair her efficiency in other respectfl, Alluwion wm then 
madd le the two notable exampjes of thk ayvteui— the French vemtl La 
Oloiret ftnd the EngliHh ship Uie Warrior, the former of which was ad- 
mitted to l>e a successful and formidable vessel, and the latter, although 
much larger, was but partially fortified, having her extremities unpro- 
tected. This, it had been asaerted^ was to render her more secworthy; 
but if a neeessity, which was more than doubtful, it waa a S^^^ imper- 
fection in the system. It was clear tliat if the Warrior baa been coo- 
ftmetod of the same proportions, with plates throughout of the same 
tklblnieM, she would have been a faster ship ao/l more seaworthy than 
La Gloire, on account of her greater size. It was also suggested wnethctr 
the i^moval of the ipar^ok would not bo lighten tlie WKmar, tm to 
admit of the extremitie^i being plated uniformly with the side*, without 
in any way impairing itH eftiejency. The giins would then be wcirker! 
entirety from the spar-deck, free from the obstruction <if smoke. The 
bubrarka might be made sufBciently high and staunioh to oSbrd complete 
protection to the men. In such a ship, it was contended, the spars and 
rigging Rhould be of a subordiiuvte description. But on this Bub|ect of 
the fortification of Rhips, it ws<* atill a matter for imjuiry whether the 
greatest geaenU et£cieucy would not be obtained by adopting the system 
of protective armour on a more moderate scale. 

Another point bearing on this qnestion was, whether, owing to the 
greater range and accuracy of ordnance, naval engagements would not 
neoessarily be fought at longer distituoes than fonnerlj. As at long 
nmges the height of m target waa more important than its breadth, this 
aectncKl to show the propri^y of reducing Mtilps to single decks, making 
them OS low in the water as poegible. 

If these ci^usideratiuns were correet, it was submitted that they indi- 
oated as the proper description of vejisels to be employed for Channel ser- 
vice, iron vessels built of great length, hAvmg fine linea and considerable 
power to insure spewl, and carrying an armament of very heavy guns on 
the spar-deck alone. That they ^ould be as low in the water as was 
consistent with safety, and be protected by plates of moderate thickness 
throughout their whole length; and that they shoald be fitted with ppars 
and ngging of the lightest description. 

Ah tn "gteam rami»,'* it could hartlly be doubted that if properly con- 
structed, and of sufficient 8ise» power, and speed, their effect among a 
hostile fleet, especially a fleet of tnoisporta, would be terrific. Any 
attempt, however, to combine the qualities of » "ram*" with those of a 
fighting ship would otdy impair its efficiency. The expense attending 
the coufltraction of these **raniH" would be very great, and the service 
would be very dangerous; but still it might be advantageous to construct 
these "rami," if hj their means three or four of the enemy's ships could 
be destroyed before the ram itself. 

Attention was next directed to the best mode of dealing with the 
present navy^ and of converting the old men-of-war into efEcient shi[>8. 
The usual plan was to lengthen them, and to put in powerful engines, 
and an arm&ment of heavy ^ins of the same number as before; but it 
was suggested whether it would not be a wiser course to cut them down, 
BO as to have aD the guns on one — the Hpar — deck, and to dispense with 
the heavy spars and rigging. Thia would reduce the weight suffioiently 
to compensate for the addition of the engines, and perhaps to admit of 
the fortification of the aides; while, by brmpiiig the vessel higher out of 
the water, it would give a finer line of flotation. 

It was noticetl that the aubject of the paper being *'The National 
Defences," the obsgrvationa on ibips had been exclusively confined to 
those intended for service in the home seas; and was thettefure not neoes- 
sarily applicable to the case of vessels required for foreign stations. 
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The English Cathedra! of the Nineteenth Century, By A, J. B. 

Beecsford Hope, M.A,^ DX'.L. With iUustratioiia. — London: 

John Murray. 1861, 8vo, pp. 2^2, 

This work can scarcely fail to attract very general uoticei 
frotn the interest of its subject and the kiiowu ability of its 
author. To most reiiders, perhaps to all, it will be found fully 
to bear out any flnticiprtiiotis which the nnnonnceraent of it may 
h?ive raided; and on ni.inj accounts an extensive circulatioOf and 
more attention than falJs to the lot of many works on architec- 
tural subjects, may fairly be anticipated : the more so, perhaps, 
that Mr. Bereaford Honeys work ia by no means entirely archi- 
tectural, nor even in the technical af^nse of the word entirely 
ecclesio logical It takejs a broad view of a subject interesting to 
a large proportion of the intelligent fiart of tlie coiumnnity; and 
while tnere m enough of architecture to commend the volume 



to a profeisiotubl %j^ there ia not lo mncli as to incommode 
ordinary readera. 

By "The English Cathedral" Mr. Berf«ford Hope in tends to 
convey not merely the idea of a cathedral as a building, but 
also of the cathedral institution as connected with episcopacy; 
and the argument ninning through the work may be concisely 
stated to be something like thia: — If the CTiiirch of England is ex- 
tending and to extend in tbia country and our colonies, we reonire, 
to organise and regulate and direct that movement, new bisnops, 
not merely for the colonies, but also at home; aud^ for reasons 
which are stated at considerable length, if these biaboprics be 
established^ new cathedrals should be constituted. Thus, having 
brought us to the idea of catliedrals to be built in the nineteenth 
century, and to be suited to the requirements of that century, 
the uuthor inquires, somewhat in detail, into the peculiarities 
that such a building should present' — an investigation which 
iovolveri, as a matter of course, a consideration of the peculiarities 
of all cathedrals* Into the ecclesiastical part of the queation, 
here ti-eated with gri*at ability, it is not perhaps our province to 
eater fully, but it lies so at the root of the whole matter that it 
will not be proper to disregard it entirely. Among the opening 
sentences of the book are some which convey well the aspect of 
the question as it is proposed to regard it in the volume* 

'* A cathedral in, as everyone knows who has thought ever lo little 
upon the matter, both a building and an iDStitution. As a building it is 
RUppoaed to fulfil certain arch'tt<jctural and artistic conditions; and. aa an 
ioHtitution, to carry out certain religious and charitable objects. It fol- 
lowi from thia double nature of a cathedral that the suliject of Cathfadral 
Extension in England— a aubject which has within the last thirty yesj^s 
o<jcupie<i 00 inconsiderable portion of public attention, and which ia not 
likely in the years to come to lose its importance — is in one aspect an 
architectural, and in the other a social question, aooording as the build- 
ing or the inatituiion fills the more prominent place in tbe inquirer's 
mind. But in this as in every other mixed question^ it is neither possi- 
ble nor desirable ao wholly to void either nature of the presence of the 
other as to leave it open to treat of the architectural cathedral without 
aome reference to its practical uses, or to point to ihoae uaes without 
treating of the building in which they are embodied. 

"WeatmioRter Abbey ia a quasi- cathe<lral of the thirteenth, and 
St. Pjiur?} in actual one of the seventeenth century; while thH idea 
which I propoae to develope is that of the English CatJiedral of the 
Nineteenth Century. In adopting thia title I desire that every word of 
it should be taken in an absoltite and exclusive sense. l!he building and 
tbe institution are to be a cathedral, as distinct from and opposed to n 
pariah church and its organisation; they are to be English —English that 
ia, both nationally and ecclesiastically — as distinct from and opposed to 
foreign; and last but not least, they are to be of the nineteenth century, 
as distinct from and opposed to one of any earlier age. Keeping these 
limitations steadily in view, I shall endeavour to ahow, not only that 
there are distinctively such buildings fn pottt as Engllah cathedrals of 
the nineteenth century, but that there are good practical reasons why 
they should be built; while I shall, in the second place, suggest certain 
data of size, obarneier. and arrangement which ought, in my judgment, 
to regulate the architectural construction both of the churches them- 
■elves and of the acocasory buildings." 

There aire some pages of argument u to the desirableness 
of an extension of tbe episcopal system, but none at all as 
to whether the style of the buildings shall be Gothic or Classic. 
*'I take leave," says the writer, '*to beg the first and moat im- 
portant consideration, by assuming that, pace Lord Palmerston, 
the building must be an exhibition of some phase of that style of 
architecture c<jmmonly called Gothic or Pointed." Perhaps on 
the whole this course has been wisely adopted; it narrows the 
scope of argtinient by assuming a certain basis as admitted; and 
for those by whom bishops are held cheap, and Classic archltectore 
is preferred to Gothic, tnis book is not written. On the question 
of the cathedral system, as a desirable adjunct to all bisnopncs, 
there is much to be urged, and Mr. Beteaford Hope makes out 
a strong case in favour of tbe constitution of chapters, and the 
erection, or appropriation where they already exist, of suitable 
oathedralsj-^buildiDgR which shall possess not only the ritual ar- 
rangements, but also t!ie dignity proper to snob structures, and 
which is well characterised in tbe following sentence: — *^ A 
cathedral ordinarily exhibits an excess of length, and height, 
and breadth-* a profusion, so to speak, of plan — a stateliness of 
ornamentation, an increment of dignity in its appearance, which 
lifts it above the level of the ordinary church," 

Having now introduced the book and dbposed of its preltmi- 
nory matter, we abatl proceed as far as space permits to consider 
the more architeotural poHiou of tbe work, in which the subjects 
that come under review are the following; — The most prgp«c 
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yariety of Gothic to work in; the cathedrals t^inaXly built or 
projected for modern Anglican use; the contrast between Roman 
Catholic and Protestant cathedral; the history and characteristic 
features of the building; its decoration and its adjuncts. 

Perhapa one of the most interesting sections of this Tola me is 
that devoted to actual examples: among these occur St Ninian'a 
Cathedral at Perth, by Mr. Buttertield (actually built); Kilmore 
Cathedral, by Mr. Slater (actually built); luvemeaa Cathedra], 
by Carpenter (desigu); Colombo CatbetJral, by the same (design); 
BHsbane Cathedral, by Mr. Bums (dedini); — St Kitt's Church, 
by Mr Slater (actnaJly built); MenioriaT Church at Constanti- 



^ 



li 



*'Invenieis Catliedral rtffl only eidsts m derign. The UsIwdA 6f 
Carpenter, who was lost to art in 1855, was the preparation of b design 
for the west end ©f the cathedral propoeed to bs erected at Invisiiew 
for the SoottiBh diooeee of Moray and Rom, which was o«»mpleted just in 
time for the International Frendi Exhibition of that year. Altar fali 
death 2^. Slater was eommissiained to draw a plan to suit that elor^km^ 
and embody what appealed to he ite author*! whole mind, and he aocord* 
ingly produced one upon a large and stately type, to be carried out in 
the Middle Pointed. Although the siae of the church— 345 feet long by 
170 at the iranaepftSr— preventB the hope of its being reared in our gene- 
rfttiion* the bishop for whom it was prepared erpteiises hln intention to 
nuse some portifm of the building. In the meanwliile the conception 
baa tt4 value as the dignified idea of a modem cathedral tuitahle to the 
worship of o\ir actual church. 

Carpenter — a man who neTer had the worldly gtxrtl fortune to com- 
plete a building ei^ual to himself — had executed, while in more robust 
health, the entire iet of dedgus fur a cathedral which it was pfopoaed to 
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Plai or lariaatna CATir»mAL. T£ feet to ioch. 

nopk, the design by Mr. Surges now being carried out, and abo 
the mjbler design of Mr Street;— St. Nicholas* Church, Ham- 
burgh, by Mr. Scott (in course of erection); Calcutta Catliedral; 
Sydney Cathedral Besides these, various other examples are 
^ven; but of all those name*! at least the ground plan ia given, 
and of several there ai-e other illustrations. 

We are enabled by the courtesy of the publisher to present 
our readers with a liberal s|)ecinien of the illustrations with 
which the work is embellished, aud by which its value is greatly 
enhauced. Of these j>erhnp3 none are more interesting than 
those embodying the as yet unexecuted designs of Mr.Burges 
for Brisbane ('atiiedral, a structure which we may yet hope to 
see raised, and of which a plan, section, and eie^ration are given. 

The noble design for Colombo Cathedral, which we transfer 
from Mr, Bei-e>foni Hope's pages, has been, it appears, super- 
seded, and consequently there is every probability that its publi- 
cation in the work before us will be the most enduring memorial 
thst it will receive; while of the grandiose design for Inverness 
Cathedral — ^Iso from the peuctl of the late Mr. Carpenter, and 
worked out since hh death by his coadjutor, Mr. Slater — there 
is more hope, as we learn from the description of it contained in 
the book under notice that the bishop has expressed his intention 
of erecting at least some portion of the structure. Tlie descrip- 
tioQ of the accompanying examples we give in Mr. Hope^s own 

ords. 



Pl4S or raoTOflBD Colokho CATHaDa^L, 76 feettoladi. 
efeot ai Colombo, the capital of Ceylon. Out of this eeries, which was 
produced in 1817, I have selected not only the plan, but alto the longitu- 
dinal elevation, and the kmgitudtnal and tnuuiverse .sectiona, alike for 
their intrinidc merit, and on memorialB of their gifted architect. The 
church it Hill be seen is of ample dimensional Mid while the atyle u 
mtMklled on English Firfft Pointed, the requirements of the oppresnve 
climate are met by the open externa] aisle or loggia which encirdea the 
entire buUding, in ad di turn to the ordinary internal aide, and by the 
clerestory gaJleriea in the double thickne^ of the waUa^ presenting xntor* 
oally aJmost the appearance of a triforium, wbUe the ppftci^us narfliex 
or western vei^tibule, is suitable, aocordiug t*.y earl a 

church plantttd in the midst of a vadt heathen p<jpii al 

no lesa than ecdedaslkal reasouH. It i& greatly to U i^^ivi>...x ^^.u in 
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thff construction of ; ' irathednil of Coloml»o this able pprtjeet 

fleeiRfl to have lieen rlrM»kec1, ftir, although the cathedral inati- 

tutioD exists in the triipjiin r.j t'* ylon, tlie building in whidi it ia fixed is 
merely a modified reproductinn of a commonplace parisb cbun^h» earned 
out I fear undetr non-prof essional guidance. 

The lapse of thirteen yean again brought round the oompletion of 
a series of plans for a cathedral on a stately acale, for the use of a newly- 
conatituted colony to the north of New South Wales, where the con- 
ditioHM of a sultry climate had U\ be oousideired; and the Bishop of Bris» 
bane sought hie see provided with degigns from the pencil of Mr. Bnrges. 
BriBt>ane, the capital of Queensland (the appropriate name for what used 
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mn dflngnad by ^Hsh ikrohitecti for tbe terrioe ol ibe Engliah Pnjer- 
Book. Abler exempMcatkmi of tbe ftdftpUtiou of eifcbcr lo thai serrioe, 
luid lo tbo Iawb of OoUiic, oould not bo found; »ad it is only to be 
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tuiutdy tbat tutud ptigue of the troftica, tbe wbite ant, u imknown at 
St. Kitt'a, fto timbtu- codd be used in the coastructiou; indeed, bad this 
misduevous insect been found there the jslousiee might bave been im- 
pofiBible. Provided with tbefte datAf Mr. Slater gave a church hnmd but 
not loftv, tbe dan^rous bulk of triforium and clerestory being dupensed 
witb. The pillais are alender^ but not too slender for tbe weight they 
have to be»r» Tbe aiilai, instead of being thro^ii into tbe iclief of deep 
shado» are brought forward, as in tbe large town churches of bkter Gothic;, 
to contribute to the general effect of airy spaciousness- Upon thes^ 
pUJaiB resto the rool^ designed so as to combine lightueas and itrentfth^ 
to hold the buOditig well togethefj and yet itself to be elastic. The 
tie-beftnift (a feature not ge^ndly to be desired) give the neoeaiaiy 
CKinuMMTt&esi ; while tbo moderate ecantlings of the timber employwl 
obmte t^ risk of tbe roof cruHhing down tbe substructure. Thus 
designed, with a i^i^on for every charaoteristic, this church is a specie 
men, Inith successfid and modett, of the ecdenasticai architecture ol tbe 
present day." 

Tbes^ illuBt rations are accompaDied by plana and \iewfl of 
others of tlio cathedrals named wlji^b are actually existmg. 
To these and other portioua of Mr. Hope's \*aluable contribu- 
tion to the literature of eedeaiasticAl architecture we sball return 
in our next number* 
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deeply regretted that the opportunity for building one of them (if even 
in part only) has passed away, and tlmt the other Las not yet, ai fsj* as X 
know, been mi in hand. 

Tbe tropical church which I ahoU next produce, although inferior in 
its acale and its nretensioos to those for Colambo and Brisbane, is, unlike 
them, Actually nuilt and in use. It ih not, to be ture, technically a 
cathedral, but is the principal church of a community which 
its own independent reprGBeatative 
oomtitntion, and its Gonstmction 
formed the subject d parliaraentaxy 
solicitude and parliame&tary mnm- 
ficenoe^ so that it may very fairly 
take its place in the series. It is 
tbe ohnrtm rebuilt from the deiigns 
i>f Mr. SUter, in the iidand of St. 
KittV, in the West Indies, after the 
destruction of a fonner one by an 
eftrthqaake^ and oonsecrsted in 1 d59. 
Tile fear of tbe recurrence of the 
same oalandty which had ruined its 
predeoBMor imported one ^esb ele^ 
ment into the architect'i considera- 
tions. He had not oidy tn provide 
for the admission of air, but to pro- 
vide against the risk of a sudilen 
overthrow \y making bis church 
flexible, and as it were trlaetic. To 
have attempted to stand against, 
instead of bowing to the poseible 
oonouBskm, would have been to un* 
dertake an enterprise agninft which 
tbe patent coAtlinew ws» an argu- 
ment as irrefragable as it was practioaU Acoonlingly tbe speluncar 
theory was out of court in this instance, and tbe point which Mr. Slater 
aimed at was to make his building light and well ventilated, and yet sun* 
ligbL Tbe simple eitpedient of Middle Pointed windows wi^ jaloosies 
met the requirements of sun and air. The ooin|pva^ve thinnfiSB possible 
iu this style pleaded in its favour as to tbe ram^uung requirement. For- 




The Enffineer'a Manual of ths Hydrometers with Rute$^ 
Worked Examples^ and Compkle Tati^Ji^ appiicuhle to 
Mnriut Bmient, lij Lionel Swlft, RN. — London; 
John Weaie* 

In Ihia small mnnual Mr. Swift but collected tbe re- 
sults of i\ series of experiments made with a view to 
ascertain tbe best form nf hydrometer for determining 
tbe quantity of salt held in solution in the water of 
marine t»oi!ers. It might be snp|K>.^ed that there waa 
little difficulty in the adaptation of that instniinent fur 
such a purpose; but Mr. Swift*s investigations tend to 
show that it \» next to impossible In nrriv-e at cori^ct 
coucliisiona re9f)ecting the strength of Vmues under vary- 
ing circumstnncps of tempemture by a Bcale of progre*- 
fiive displacement**. He oommenceij by showing that in 
many instances of chemical combinations, thera is an 
attendant change of a physical character, totally unao- 
countable, and frequently of a nature apparently para- 
doxicnb That in tbe alloya of metal, for example, 
gold increases in volume when combined with silver, lead, and 
iron; and that the alloy diniiuishefl in bulk when gold is com* 
bined with zinc, tin, bismuth, or antimony. This concentration 
of bulk is so great when iron and platinum are melted together, 
that tbe result of a combination of 10 cubic inches of iron witb 
li cubic inch of platinum is an alloy that occupies the space of 
only dj cubic inches. From the consideration of these facts, he 
ia led to remark on tbe fallacy of the celebrated experiment of 
Archimedes for determining tbe purity of the gold in tbe crown 
of Hiero by its specific gravity. Similar irregularities are found 
to exist in various mixtures of salt and water at dillerent tempe- 
ratures. We need scarcely say that tbe construction of tbe 
bydruineter is baaed on the principle that tbe weight of a float* 
ing body is equal to the quantity of liquid it displaces; there- 
fore, as it is assumed that the density of water increases in pro- 
portion to the quantity of salt it contains in solntion, the height 
at which tbe stem of the hydrometer floats is snpjMJsed to indi- 
cate the strength of the brine. Mx. Swift's experiments show 
the fallacy of such an assumption. In reference to the conden- 
sation of'^ volume that takes place when salt is added to pure 
water, the proportionate amount of condensation is the greatest 
in the very diluted brines: it appears that it gradually dkni- 
oisbes as more salt is added. On this point be observes: 



Pl4S or %r, KirfN Csdkb. 
75 feet to inch. 



*'The specific gravity of the whole of the ludine portion of 
in a p^fectty dry state, and sUghily preased together snffideatly to lotm 
a compact msM, we found in varied Insls not to exoeed 3*000; and 
when saturated to its greatest extent it appeals to rise to S'SISO-; and 
when saturateil to a state corresponding to four times the density of sea- 
waLer, the B}^kecifio gravity beoonies S'lS>; and when oontaiuing twice the 
amount of salt that sea^ water contains, the specific gravitv of the salt is 
increased to 3 '476; and the specific gravity of the §alt when existing in 
the proportions found in sea-water is further increased to 3 933; and 
again, when furth^ diluted to a specific gravity of compound of lMJ0i2, 
the ^edfic gravity of the salt beooBMS about 11*000^ and still regarding 
it with tbe same view of nhiDge, the specific grarity of c^juise would 
thus increaae to an unassignable value when diluted to its great«at 
extent/* 
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The influence of temperature on the volume and spediic 
gravity of brinea is miieh greater than on pure water. Brinea 
are &r more senaible of the additions of heat at low temperatures, 
and are comparatively not so muoh atfeoted at high temperaturea 

as freah-water, A fully saturated brine expands - ■ - of its 

Tolurae, by being heated from a temperature of 39* to 212** Falir.; 

1 



while fresh- water expands only 



28-08 



of its Tolume by the same 



addition of heat The dilation of the latter is nine times greater 
for the 20** of temperature ne-trt'St iia boiling point, than it is 
for the 2Q^ nearest its maximum density, whilst a fully satu- 
rated brine expands betweeu those temperatures only in the pro- 
portion of 1 to 1*34; and between tlie tempenitures of HO'' and 
O)*^ the ratio of expansion i« al>oat Uniterm for both liquids. 
Thus it will be seen, as Mr, Swit\ obsen^es, that not only the 
ultimate amount of expansion of a volume of these brines, bui 
the rate of expansion near the limits of change and temperature, 
ia entirely dependent on the intermediate state of saturation; 
and we see how impossible it is for any hydrometer to answer 
for brines in different stages of saturation and at varying tempe- 
ratures, unless corrected by the results of observed experiraeofB. 
It appears therefore that no oi-dinary hydrometer can be j*afely 
relied upon for determining the degree of saturation of the 
water ru marine boilers, and that it requires some instrument 
specially adjusted to the varying circumstances of heat and satu- 
ration; and yet, strangely enough, the naval hydrometer at pie- 
seut used by engineers in the royal navy is the same that is con- 
Btructed for the excise oflicer to determine the strength of worts, 
Mr, Swift shows that the use of this instrument involves very 
considerable error, so that when the scale stands at 30 there 
IB an excess of nearly Q ounces of salt in a cubic foot more than 
iht oommon mode of reading the indications would lend the 
engineer to suspect, and the error would go on increasing in the 
more saturated brines. The relative ewnomy of using fresh- 
water or sea-wnter in a boiler is stated by Mr! Swift to be only 
'IT} per cent, in favour of freah-wat<»r, not taking into considera- 
tion the loss from " blowing out/* But the loss of fuel occasioned 
by the latter operation ia stated to be so great, that the total 
percentt^ge of loss from blowing out and using sea- water, when 
working nt a pressure of 30 lb. per square inch, amounts to 
about 10i2. Tables showing the specific gravitie« of brines, 
and their dilations by heat nt temperatures from 60** to 200% 
and the corresponding terawrature in using the naval hydro- 
meter, are appended to the Manual {or the pui*puae of correcting 
the indications of that anomalous instrumeuL 



Rudimeniary and Praeiieat IimirucHonM on the Science of llailieuy 
Construction. — Loudon: John Weale, 

This is one of Mn Weale's valuable series of nidiraentarv pub- 
lications, in which the science and art of constructing niilways 
are e^phuned and set forth very lucidly within a small compass, 
and illustrated with upwanla of 150 woodcuts. Directions are 
given for laud surveyiug, levelling, the laying-oat of railways, 
tnonellmg, and the construction of the permanent way in allHs 
details. It is the second edition of the work written in 1850 by 
Sir Macdonald St<*pheni»on, and in thin new issue copious use is 
made of Mr. Hoi ley's quarto volume, particularly in the division 
relating to the fomt^iition of the permanent way.' The following 
conoludin<]r remarks on the construction of rails, and on the 
system of jointing them, deserve attention: — 

"It is not the practice in England to roll the gteel into the rail-pile, 
M llBS been done to some extent in tlio rniled States, without much 
■DMfls, einoe the hard matariAl peeb from the soft, for reanona alnea-jy 
•feftltd. it it probabls buwever tbRt puddled or semi iteel, poosemmg no 
atteh of the nature of iron together with its steel qualities, can be rolled 
■o firmly npcm iron that it will not peeL By thin prooesn the cost of 
ftteel-beiMied niila may n»t be greater thnn that of iron mila, ainoe leas 
material will have equal atrengtb and stiffoeaa. 

The pre8«mt movement as to railii tuma chiefly on a better proportioii 
of bar and a better quality of iron. It has been cuatomary to waste 
12 t^QS of iron per mile, worth £l¥\ under the heada of our rails, for 
no other reaaou than that auch inferior iron was used as to crumble 
down 00 the e*ige. All ih© iron put in raila should be worked to double 
tbs amount generally practised, and while the whole coat might be 
**-**TB©d ooe- third, the wear of Ibe iron wouW be fully doubled. Expe- 
» has proved this again and again. BngUsfa roada are taking up 



thii reform in earnest, and iome are paying above twioe as much ibr 

their iron as the current piioes of ordinary bars 

No track ia complete^ nor can it economically carry a heavy traffic, 
excepting with thoroughly spliced joints, making the raila practically 
ooittinuous. No mere chair or seat can i>6 sufficient, since the foundsr 
tion upon which the whole rests — the earthwork — ouinot be depended 
upon for ita permanent support. Thoroughly jointing low pearbeadsd 
rail* ia itnprncticahle; any cheap fixture which will preaerve the stifl^eas 
of the joint will be deatnictiveiy rigid. For a deep rail the fiah-jomt ta 
probably the moat cheap, simple, and durable that can be deviaed. And 
a deep rail, especially if it forms a part of th« sandwich aystem, ia certain 
io be a feature of the best penoanent way. The sandwich system finally 
■etUea the qaeatioD of rail joints, by embodying the fiah-joint in the 
most simple manner; indeed, nothing but the fiah-joint would be appro- 
priate to it. No excellence of joint fastenings can compensate for defeo- 
tive earthwork or drainage; bad balUat; small, irregular, and decayed 
aleepera; or for weak, unsound rails. Before we can have good, smooth 
roads, admitting of easy traction at high speeds with a low rate of main* 
tenance, each detail must be perfected so far as the meant have been 
indicated conjointly by sdenoe and experienGS.** 



Iron: iU Hhtary, Propertiet, and Processes of Manufacture, By 
William FAiaauBJf, C.B., LL,D», &c.— Edinburgh: Adam and 
Charles Black. 

A work by William Fair bairn on the manufacture of iron is 
sure to command attention, for it is certain to contain much 
valuable information and many useful suggeations on the most 
important branch of our national induatry. Mr. Fairbaim^ — we 
prefer the simple title by which he has always lieen known, to the 
prefix of "Doctor" with which be has recently been honout^etl — 
ifl enabled from his own esperience to trace the history of the 
furnaces and machinery employed in the production of iron 
almost from their primitive condition to their present high state 
of improvement^ and in this small volume he gives the public a 
summary of his knowledge. A cons^idenible fwrtion of the matter 
has appeared in the aiticle on Iron Manufacture in the eighth 
editiou of the *Encyclop«edia Britanuica/ but it is now presented 
in a more ctjmplete stnte^ and with large additions. The subject 
ia divided into twelve distinct heads, compriaing the histoir of 
the iron mamifacture; the various kinda of ores; the kind of 
fuel employed in the manufacture; smelting by the hot and cold 
blast; the manufacture ot wmught-lron; the mechanical operar 
tioDs of the cast-iron manufacture; the forge; Mr. Bessemer'a 
process; the manufacture of ateel; the mechanical properties of 
cast and wrought iron and steel; the chemical constituent* of 
iron in its manufactured states; and, finally, the statistics of the 
iron trad**. It couhl not be expecteil that in a small book of 
230 pages all these brandies of the subject could be developed, 
and some of them are dismissed witiv very brief notice. Tl»** 
points of most interest, so far as they have a bearing on 
t|uestions re-specting which much diifereoce of opinion exista 
among ironmasters, are the consideration of the relative menU 
of the hot and cold blast; the processes of the conversion of crude 
into malleable iron; and Mr, Bessemer's process: to which points 
we shall therefore principally direct attention. 

It is a curious fact as noticed by Mr. Fairbaini, that previous to 
Mr.Neilson*s invention of tlie hot-blast in 1 8 28» practical men gene- 
rally believed that the colder the bhist the better was the quality 
and the greater the quantity of the iron produoed^ and iromnasiers 
sometimes reaorted to the pmctice of refrigei-ating the air. That 
opinion was founded on the observation that the furnacea worked 
better in winter than in summer, — a circumatince which Mr, 
Fairbaini attributes to the diminished amount of vapour in the 
air in cold weather. Mr. Neilaon'a earliest hot-blist oven for 
beating the air t<> be supplied to the furnace, conaiated of a 
wrought-iron chamber, about 4i feet long by i feet high and 
2 fepL wide, s^et in brickwork like a steam-boiler, with partitions 
in ist which tlie air tiupioged in passing through. The 

wn. ig. 1) represents this original contrivance, m which 

the letters O, O, O, show the oven in which the heating chamber 
H, was set) and p^ p, p, are the partitions over and beneath whidi 
the air passed. By this means a moderate current of air was 
heated to 300° or 400** Fahr Mr, Neilson afterwards introduced 
long ranges of tubes to increase the heating surface, by which 
means a temperature of 6(X)^ was first attained. By subsequent 
improvements in the ovens, many of which are described and 
figured, the blast for three tuyeres am be heated to 800**. The 
consumption of coal in these ovens varies from 9 cwt, to 6 cwt. 
per ton of iron produced. 
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The hot-blAst process mdt witti great opposition when first 
iatroducati. The inveDtjoD waa more thim once ou the point of 
being abaudoDod^ and Mr. Neilson was obliged to traoflfer the 
greater portion of his interest in it to others, whose combitied 
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efforts and ioBuence were neceaaary to insure its success. It has 
now howev-er triamphed over its early difficulties, and is adopted 
at the greater number of ironworks m other parts of Europe as 
wel! as in Great Britain. Mr. Fairbaim speaks fttvoumbly of 
the hot-blastj not only eeononsically, but as a means, if properly 
applied, of improving the quality of the iron. He observes — 

"With regard to the atJvantaget^ and d^fccttj of the faot-blaat prooens 
much has been said on both sidcH, And the question doe§ not appear by 
a&v means exactly settled. It is asserted on the one hand that iron 
reduced by the hot-bUet lo«es much of its strength, whilst on the other 
it Is eontended that the quality of the irt>n \b richer, more fluid, and 
better adapted for general purposes than tlmt produced by the oold-bhist, 
Ute advocates of the hot^blatit say that the proee!^ has increased the pro- 
duction and dinuniflbed the consumption of coid' three or four fold; and 
the upholders of the coLi-blast maintain that the same effects may be 
produceti to almost the same extent, by a juditiuufi pn^jiurtion of the 
Hhape and eize of tlie interior of the furnace, a denat^ blast, and greater 
attentiLiu on the port of the superintendent to the proo^». On these 
poinU, it apfK^ors to us that although the but-blast has enabled the manu- 
facturer to suielt inferior ores, cinder hea^is, and other improper mate- 
rials, and to send into the market an inferior description of in>n, this is no 
reason for its rejection, but rather on argument in its favour. It is true 
that when a stn^ng rigid irm is required for such works aa bridges or 
artillery^ the somewhat uncertain character of hot-blast metal rendets it 
objectionable, but this appears to be due rather to careleaaness or want of 
attention in the manufacture, than to the use of heated air or defects in 
the proems. On the o^^her hand^ the hot- blast, by maintaining a higher 
tampcrature in the furnace, insures more efFeotually the coiubiiiatiou of 
the oarbon with tbe iiom, and produces a fluid metal of gotxl working 
quahties, generally superior to cold-blast iron^ in cases where great 
strength is not required ; and moreover we have* yet to leani why even 
the fstrongest and most rigid iron cannot be made by this prooesa. The 
oomparative strength of hot and cold blast iron will however be given In 
anotncr part of this treatise; for the present it is sufficient U^ oh^r%'e 
that the reftidts of the experiments are not uDfAVooiablc t^^ thi; hdt-blajtt 
iron, either m regards its resistanoe to a transverse strain, or its p4:>wf;r 
to resiat impact.' 

The utilisation of the waate gasea of blast furnaces, which has 
been successfully adopted on the Continent, is but very little 
practiaoti in this country, where the abundance of fuel makes the 
ironmaster indifierent about saving tbe beat that escapes. In 
South Wales the plan baa been adoptet! advantageously to some 
extent, but tbe closing of the top of the furnace to confine the 
gaaes is found to produce white iron; on which account the pro- 
cess haa been oflen abandoned. We have seen it used suo- 
cesafully in the ironworks near Swansea, where the gasea from 
the furnace are applied to heat steam boilera, and Mr. Fairbairn 
notices this method of economising fuel very favourably. 

The conversion of crude iron mto malleable iron is effected 
by separating in a gaseous state the carbon contained in the 
iron, by combining it with oxygen, whikt the other foreign 
matters combined with the iron puss into the slag. The sevenil 
processes to which the iron is subjected to deprive it of carbon 
are — first to heat it in a refiniog furnace, and ader wards in 
a reverberating furnace, where the fuel and metal are kept 
apart by a bridge, and the combination of the carbon with oxygen 
is facilitated by puddling or agitating the surface of the melted 
mass. The refioiog process may however be dispensed with^ 
and methods have Been recently introduced for facilitating the 
combination of the oarboD with oxygen by the introduction of 



steam. When all tbe carbon haa to be expelled in one fnmaee, 

the generation of gas is much more energetic^ and as the fluid 
iron is greatly agitated by tbe bubbles of gas, the operation haa 
been called the '* boiling proGesa'' The nee of steam m tbe ** boil- 
ing" was patented by Mr. James Nasmyth in 1854, and it haa 
been very successful in those puddling mmaceB in which it has 
been adopted. The steam is introduced at about 5 lb. pressure to 
the eqnare inch, as soon aa the metal is fused. The oxygen of 
the steam having a greater afl&nitjr for the carbon at that high 
temperature than for hydrogen or iron, the carbon is rapidly con* 
vertsd into carbonic acid or carbonic oxide, and escapes in a 
gaseous form. The liberated hydrogen of the steam unites with 
sulphur, phospbonia, or other substances contained in the imn 
or fuel, which, if they remain, have a very prejudicial effect on 
tbe quality of the iron. The mode of operating by Mr- Naarayth'a 
process 13 shown in the diagram (see Fig. 2). The steam from 
the boiler descends through the vertical jointed pipe a, and is con- 
ducted into the furnace through the tube or rabble D D, which is 
bent at the end so as to inject the steam on the liquid metfd GG. 
This tube is introduced into the furnace immediately the iron is 
melted, and the workman moves it slowly about in the luolten 
metal; the mam begins to thicken in about live or eigbt minutes, 
when the steam tube h withdrawn, and the operation is finished 
in the ordinary way wiih the common ** rabble.*^ There is a great 
saving of time by this method, during the 'hottest and most la- 
borious part of the operation, and the iron is said to be more 
effectually purified, and with greater economy, than by tbe pro- 
oeasea previously in use. 

A mode of pudilliug iron by gas is in extensive use on the 
Continent, in w!iat h ciille<l the Silesiun CJas Faroace, which Mr. 
Fairbairn earnestly recommeuds to the attention of the iron- 
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masters of this country, Tbe advantages attending the use of 
gaa instead of other kinds of fuel are stated to be the entire 
absence of smoke in consequence of complete combuation, the 
saving of 33 fier cent, in fuel, the absolute control the attendant 
hns over the furnace, the simplicity wiih which it can be worked, 
and the absence of ash or other impurities. 

A. considerable portion of Mr. Fairbaim's book is devoted to a 
description of Mr. Beasemer'a process, of which he entertains a 
very favourable opinion, especially with the recent improvements 
that have been added to it, and of which Mr. Beseemer haa fur- 
nished an account. When this ingenious plan of retining crude 
iron — ^by making the carbon to be removecf serve a^ fuel for its 
own combust ion— was first announced, it took the world by sur- 
prise, and exidled expectations were raised of the advantages to 
be derived from this self-acting method of purification. There 
were however many practical difficulties to be overcome, which 
tended to throw a damp on the hopes of the inventor and hia 
friends, but he has nevertheless continued his endeavours to 
bring the process to perfection; and in its present state it bid* 
fair to realise the original eicpectations. Mr. Beasemer's furnaces 
are made of boiler-plate lined with fire-brick or loam, and thej 
are so contrived, that the instant the molten crude iron is run 
into them from the blast furnace jets of nir are forced in, the 
oxygen of which immediately combines with the carbon in the 
iron and produces ^ivid combu^tiou^ The effect ia thus de- 
scribed: — 
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"A rapid boiling up of the metal was beard aoing on witMo the voasel, 
ihe iron being tossed violently abotit and da^bid from lide to side, 
aha ki ng tho vessel bj the force with which it moved, Flfune, occom* 
pauied by a few bright sparks, immediately issued from the throat of 
the converting vessel. This state of things lasted for alxjut fifteen or 
twenty minutes, during which time the ox^'g^n in thu atraosphenc air 
combined with the carbon contained in tho Iroii, producing carbimic acid 
ffas, and at tho same time evolving a powerful heat. Now as this beat 
u generated in the interior of, and is dimised io innnmerable BBty bubbles 
tliTOUghout the whole fluid ma#s, the vessel absorbs the greater iwurt of 
It, ana its temperature becomes immensely increase*! ; and by the expira- 
tion of the fifteen or twenty minntes before named, that pnrt of the 
oarl>QU which appears me-chdoiicaOy mixed and diffuf^ed through the crude 
irfm hoa been entirely mn^umed. Tlie temprature however is so high 
that the chemioally combined carbon m>w begins to separate from the 
metal, aa is at once in^licated by an immense increase in the volume of 
Hame niahing out of the throat of the vessel. The metal in the vessel 
now rises several inche* alnive ita natnial level, and a light frr-thy slag 
make ita appearance, ami is thrown out in large foam -like mftg«e«. This 
violent eruption of cinder generally lasts about five ,or six minutea, when 
all further appearance of it ceases, a steady and powerful flame replacing 
the sh"Wer of sparkti and cinders which alwa^'s accompanies the boil. 
The rapid union of carlx>n and oxygen which thus takes place adds still 
further to the temperature of the metal, while the diniini»hed quantity 
of carbon nreaent aUows a part of the oxygen to oombine with tbe iron, 
whio)| undeiigoaa a ocfmbusti(in, and is converted into an oxide. At 
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forwarder state of manufaoture* than a pile formed of ordinary pnddle- 
bars. And thus by a single process, requiring no manipulation or par- 
ticular skiU, and with only one workmim, from three to five tons of 
crude ir^ >n pa«s into the condition of several piles of malleable iron^ in 
from thirty to thirty-five minutes, with the expenditure of abr>ut one- 
third part of the blast now used in a finery furnace with an equal charge 
of iron, and with tbe oonsumption of no other fuel than is contained in 
the crude iron." 

The quality of tbe iron thus produced iu tbe earlier experi- 
menta waa defective. The difficulty to be overcome waa tbe 
renaoval of the ftulphtir and phosphorya which most cast-iron 
contains, and which neither the high temperature nor the copioaa 
fiuppliea of air aeemed to effect. Steam, hydrogeD^ and fiilicatee 
of iron and manganese were tried, with but partial success; and 
the employment of crude iron aa free as possible fi\>m those 
imparitiea is the best expedient hitherto ascertained for the pro- 
duction of good inalleablo iron by tbid proceaa. Several important 
improvements have been made in tbe form of the fiirnace, and 
the appliances to facilitate it« opfrationa. As originally con- 
structed the air-pipea entered from the bottonr, »o that it waa ne- 
cessary to put on the blaat before the charge of molten iron waa 
introduced. Tbe annexed diagram h Hbow the form of the appa^ 
ratua as at present conatmcteil, in elevation and in section. Tbe 
furnace is made of a globular forni» and is supported on trunnions, 
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the excessive temperatuw that the metal has now acauired, the 03dde as 
soon as formed underfpes fusion, and forms a powerful solvent of those 
earthy tw«ea that are amociated with the iron. Tbe violent ebullition 
thai ia going on mixes most intimately the scorisi and metal^ every part 
of whidi Is thus brought into oontact with the 6uid oxide, which will 
thus waab and deanse the metal most than^ughly from the silica and 
other earthy baaee whieh 9xe oombineil with the orude iron; whOe the 
sulphur and other Tolalil* maHers, which dini; so tenaciously to iron at 
ordUnaiy temperatures, are driven off, the sulphur combining with the 
c»xyg>.^n, and lorming sulphurous acid gas. The lc«a in weight of crude 
iron during its conversion into an Ingot of malleable inm waa found, on a 
mean of four experiments, to be 124 per cent., to which viU have to be 
added the loss of metal in the finishing- rolls. Thia wUl make the enUre 
leoB Dro%»ahly not leM than 18 per cent, instead of about 28 per cent., 
which is the loes on the present system. A large portion of this metal is 
however recoverable by treating with carbonaceous gwes the rich oxides 
thrt>wn out of the furnace during the boil. These sIaJps are found to con- 
tain innmnerable small grains of metallic iron, whi(£ are mechanioally 
hdd in euBpenaiau in the slagit, and may be easily ri«ov«ped. It has 
already been ilatad tluvb after the boil baa taken plaoe, m Btetdj and 
powerful flame auooeedi, which continues withont any ohange for about 
ten minotea, when it rapidly falls off. Aa soon M thia diminution of 
flame is apparent, the workman knows that the process is completed, and 
that the crude iron has been oonvertod into pure malleable iront which he 
will form into ingota of any suitable size and shape, by simply opening 
the tap-kole of the converting vessel, and allowing the fluid malleable iron 
to flow into the irtm inyot-monlds placed there to receive it. The masses 
of iron ifeis formed wul be perfei^y free from any admixtiu« of cinder 
oxide, or other cztnuMous matteiSp and will be far more pure, and in a 



and on one of tbem carries a pulley- wheel B, round wbicb a 
wire rope passes attached to a hydraulic lift, Tbe blast is 
brought downwards from tbe top by a single tuyere D, and may 
be raised or lowered as required by a small hydraulic crane E. 
The blast-pipe G, rises perpendicularly froni tbe floor level. Tbe 
tuyere is composed of circular bricks having a central hole, 
tbrouffh wbicb an iron rod passest by means of which tbe tuyere 
is held firmly together. Tbe molten metal iti poured from tbe 
globular vessel into the casting ladle by turning it partly on the 
trunnion.% so as to lower the month. When tbe procesfi ia 
finished the casting ladle is attached to the arm of an hydraulic 
crane, and is so arranged that it swings round over tbe ingot- 
moulds, placed in a circle, and the metal runs out from a bole 
in the bottom of tbe ladle, that is stopped by a conical valve 
when each ingot is filled. The globular vessel or furnace is 7 feet 
in external diameter. 

One part of Mr. Bessemer's process, to wbicb Mr. Fairbaim 
attaches much importance, ia tbe facility it afibrda for tlie pro- 
duction of what is called &emi-9teei, 

*' At the stage of the process immediately f^illowixig the boil, the whole 
of the crude iron has passed into the condition of oast-steel of ordinaf^ 
quality. By the continuation of the process tbe steel so produced gndn- 
ally loses its small remaming ptjrtionof carbon, and passes mooQSiiiO^ 
from hard to soft isteel, and from softened steel to steely iron, MM 
eventually to venr soft iron; henoe at a certain peviod of tbe prooess any 
quality nii^ be obtained: there is one in particiUAr, which by wav ol dis- 
tau^ion be calls scani-steel, being bi hardness about midway between 
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nrdiiuu-y ca«t-8teel ftod toft nmlkf^ble ircm. This meUl posvetses the 
advantage of much greater tenaik' gtrongftb than soft irun; it is also motv 
elastic, and dom not reiuliiv take a pterD^Aiient aet, while it is much 
hardeff and is not worn or mdeated so efwiilj as soft iron; at the Biimc 
time it Li not so brittle or bard to work as ordinary caAt-Htctel, These 
qualities render it eminently well adapted to piupJt^ea where lightness 
Mid Btnengtb are specialty requin>d, or where there is much wear, as in 
the case of raUway bara, which, from their softneas and lameUar teztore 
toon become destroyed. The cost of semi'Steel will be a fraction less 
thAQ iron, beoause uie loss of metal that takes place by oiddation in the 
oonverting vessel ts abcnt 2( per ceat. less than it is with iron; but as it 
is a litUe more di£Scult to roll its cost per ton may fairly be considered 
to be the same as iron. As its tensile strength is some 30' or 4Q per cent. 
greater than bar-iron, it foUows that for most purposes a much lose 
weight of metal may be uaed, so that taken in that way the semi-steel wHl 
form a much cheaper metnl than any we lure at present ao«|uainted with." 

The conversion ofcru.de oast-iron lato steel and malleable soft 
iroD^ by expelling different ^nantitiea of carbou, suggests the id^a 
of producing steel by arresting the process when sufficient of the 
carbon hes been driven off to renaer the remiuning mass steel. 
When in the state of cast-irou the metal eonUina 4 per cent, of 
carbon, has a tensile strength of 16,000 lb. per square inch, and 
is worth £3 per ton. When entirely deprivoil of carbon it be- 
comes malleable iron, it has a tenaiU strength of 56,000 lb. per 
sqaar© inch, and its value is £S per ton; but if 1 per cent, of the 
original carbon be allowed to remain, the iron becomes converted 
into steetf the tensile strength is then 130,000 lb. per square 
inch, and its value is increased to £^0 per ton. The question 
then occurs, Mr. Fairbiim observes, cannot iron be puritied^ and 
this I per cent, of carbou be iofb in it, so that the valuable pro- 
perties of steel may be gained without raising the cost above that 
of malloable iron ? 

We cannot follow Mr, Fairbaim into the consideration of the 
modes of producing steel, the comparative strength and other 
properties of iron aud steel under ditferont circumstances, the 
chemical composition of iron, and the statistics of the iron trade. 
There is indeed but little novelty in these branches of the subject^ 
and the statistics of the trade are not brought down to a more 
recent |)eriod than 1867. 

There is an appendix to the volume, on "armour-plated ahips," 
in which Mr. Fairbairn, a^t the father of iron shipbuildiug, natu* 
rally takes the part of i run against wood, for the purposes of war 
as well as for the commercial mariue. **In my opinion," he says, 
"the whole navy of Great Britain must be remodelled, and rebuilt 
of iron; and no administration in this country should venture to 
put another wooden vessel on the stocks." After expressing his 
oelief that ships of war should be ma*io entirely bomb-proof and 
iBTulnerabte to the heaviest shot, he alludes to **a new and 
important bmnch of manufacture/' consisting in the production 
of wrought-iron in very large masses, which in all probability 
will aliortly be established. This subject, Mr. Fairbairn states, 
is now under consideration by a committee, and though he men* 
tiona it somewhat mysteriously, we believe it is nothing more 
thAU the plan recently recommended by Mr. Samuda, at a meet- 
ing of the United Service Institution, of constructing the sides of 
invulnerable ships with iron of the required thickness to be shot- 
prooff instead of a«ldiug the armour-plates subsequently. 

We cannot conclude our notice of this volume un iron and lis 
manufactures without strongly t«oommending it as a valuable 
summary of practical knowledge on tliat important branch of 
manufacture. 



A Practieai Treatise on Coal, Petroieum, and other DutiUed OiU* 
By ABRAn^iM Gesnt^r. — New York: Baiiliere Brothers. 
The introduction of miueral oils for iUuminatiou and other 
purposes renders a book of thi^ description very welcome to the 
practical chemist, the more so as the art of the proper develop- 
ment of oils from ooal and other bituminous substances is com- 
paratively of II recent date. The author claims to have been the 
tirst who succeeded, in America, in the manufactvtre of these oils, 
he having used it for lighting the rooms in which ho held his 
public lectures, at Prince ikl ward's Island and other places, so 
long as fifteen years since. The book, which treats the subject 
in all its variety, is of a purely practi<^ character. The author 
after recording the history of the progress of the distillation of 
mineral oils, and making mention of the introduction of the so- 
odled Kerosene, and the manufacture of other bituminous oils 
which formed the subject of patents either in England or abroad, 
deacribw the effect produced on co&l when exposed to tlie influ- 
«Dce of heat It la known that all organic bodies when so 



expoeeil, with free adniiaaion of the air, undergo combustion. 
Very different however are the changes produoed in the combi- 
nation of the various ingredients constituting such bodies when 
exposed to heat in a close vessel. This interchange of the ele- 
ments then is effected by placing the coal iu suitable retorts, in 
which, by the action of the heat, the bituminous and gaseous 
ingredients are freed from the other partis of the coal. The gaaea 
and vapours thus produced are next led into a condeusing appa- 
ratus. The object of this condenser is to cool these gaseous and 
vaporous subatancea, so that they assume the liquid form where 
such is possible. It should therefore be of the first importance 
that the surface of the condenser be as extensive as possible, it 
being quite immaterial whetlier it be formed of one long pipe or of 
a serieti of pipes, laid either spirally or otherwise in water, which 
is maintained at the required temperature by the admission of 
cold water. The oils which are in thi^ manner separated are of 
different specific gra%'ities, of which the lightest — which have the 
character of A spirit rather than of an oil— are first distilled. When 
the heat amounts' to about 800'^ Fahr., a number of pjrrogenous 
Bubst4inoes are given out, known under the name of d^d ml 
The oils and vapours condensed are collectod in the receiver, 
consisting of a aerieii of tanks, which are usually plneed undeiv 
ground, so as to admit of the descent of the products. Those 
gases which have not been condensed are either led into a special 
gasometer, or allowed to escape into the atmosphere. The oils 
which have been thus obtiiinud are in a very crude state, and 
are intermixed in a great moasure with water, ammouiacal liquid, 
carbonaceous and other impurities. In order to separate tliese 
from the crude oil the whole is pumped into a second receiver, 
in which, by means of a spiral steam-pipe, it is healeil to about 
OO^ or KX>°. By this pnicess the ammouiacal and other impuri- 
ties are precipitated; and if the ammonia be present in sufficiens 
quantity to be commercially valuable, a further separation of thit 
product may be effected, by which it may be turned to useful 
account. The crude oils obtained in this manuer, thus briefly 
described, may now be direetly submitted to chemical treatment, 
but on account of the great quantity of tar which they contaiu 
require generally first to be distilled, which is effected in an iron 
Bdll of ordinary construction. The distillation may be done 
either with or without the aid of steam. It is however preferred 
to employ steam, as the operation is by its use greatly facilitated 
The vapours pass firom the a till into a condeusing worm, com- 
posed of tubes, which are surrounded by water of about 100**. 
This water, if it were of a low temf>erature, would cause the 
solidification of the paraffine, which, filling up the worm, might 
be attended with dangerous consequences. Oils are distilled 
once, twice, or more times, according to the purity desired to be 
obtained. In addition to an explicit description of the manu- 
facture of bituminous oila, the author directs the attention of tl^ 
reader to the great natural resources which America poasesaea 
with respect to these oils; and concludes by giving a full account 
of the chemical products yielded by their distillation. The book 
contains many woodcuts clearly illustrating the subject, and may 
be recommended to all engaged in chemical pursuits. 



THE AECBTTECTFRE OF LONDON,* 
By A. J. B. Beresford Hofe. 

When I talk of Architecture in London, I do not mean to con- 
vert myself into an architectural reviewer, and go about firom 
building to building, criticising them as an art-critic would criti- 
cise pictures on these walls. What I propose to do is to take up 
London as a whole — a great existing whole; and doing so, taking 
London past, London present, and London in the future, deduce 
from this whole panorama certain teach ing for the future, build- 
ing that teaching on its actual condition, physical as well as 
architectural In short, I want to stir you up Ui become volun- 
teers to improve London in the way that I believe Loudon might 
now be improved. 

What is London I London is an ancient city — it is a northern 
city — it is a picturesque city. That London is an ancient city 
hardly requires proof: from Tacitus downwards there are nu- 
merous indications of its growing greatness and grandeur. That 
London is a northern city hardly requires demonstration either 
— particularly to those who had the fortune, good or bad, to 
be out in the recent snowstorm. 1 do not spefdc of London aa 
a northern city in any contemptuous sense. The people of "Eag- 
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land ftre all Northerns in descent, in langna^, and in constitu- 
tion, — Northerns in every relation of life, Northerns in every* 
thing that makes either individuals or nations historical and 
great. Let us not then be ashamed of being Northern a. Let na 
five up to the condition of life in which Providence has placed ua, 
Aud let UB not think that the being Northerns is any great damage 
or misfortune. A great deal has been said about Southern cities 
and their delightful climate; hut on this point I may laentiou, 
that last Humnier, when travelling on the railway between Milan 
and Como, I met a very intelligent officer of the Italian army, 
who said, "Ah, we Italians are becoming very tired of our auo." 
Charles IL, who never said a foolish thlDg, observed that England 
had a climate in which a man could take exercise on every day 
in the year. 

Granting, then, that London is an ancient and a northern city, 
I have also stated that it is a picturesque city. It is a pic- 
turesque, not a monumental city. It might be said, "Why is it 
not a monumental city? There is St. FauPs, Westminster 
Abbey, the Tower— not to speak of the Monument on Fiah- 
Btreetrhill.'* Here is the great difficulty in lecturing on a scien- 
tific subject such as architecture, in which the lucturer has to 
invent his own terms of art. No term of art comprehended in a 
single woi^ can be so explicit, so concise, and at the same time 
80 comprehensive, as to cover the whole ground for itself, and to 
exclude something else from trea^iassing on its own domain. For 
instance, in contrasting a monumeDtal with a picturesque town, 
I may be met by the inquiry, " Why sbould not a picturesque 
budding or Iowd be monumental, and why should not a monu- 
mental town be picturesque!" There is really no answer to 
this question; but for the convenience of technical art — in short, 
to label the different divisions of the subject — it is necesijary to 
rdy upon incomplete, lame, and paltry definitions. The incom- 
plete, lame, and paltry distinction which I draw between a 
monumental and a picturesque city is this: A monumental city 
is a city which has been, as it were, thrown out by one effort of the 
intellect of its builder, just as one monument or one building is 
thrown out by one intellectual effort of its architect. A pictu- 
i-^tque city is one that has grown up under the different opera- 
tions of many intellects; which might have more or leas of uaity 
in its general conception, but is not one vigorous shoot from the 
ground, sent up by the one inventor, but, as the name implied^ a 
aeries of pictures, each picture differing from the one previously 
examined. Like Peter Naas's churches^ differing each from the 
other; like Canaletti's pictures of Veoice, differing each from the 
other: so Flemish churches, by the testimony of Peter Naas, are 
picturesque; and the atreeta of Venice, by the testimony of 
Canalettij are picturesque also, 

London, then, has grown up, in the course of revolving cen- 
tiiriea, to be a picturesque city; and it is also, as I have said, 
a northern and an ancient cit}^ Suppose you had to do with a 
city which was neither of these three. Suppose our accotnpUahed 
chairman were called upon to desi^m the federal capital of Aus- 
tralia, for example— what would he do? He would have to 
build a modern city, a souther n city; not merely southern in 
respect to its being situated in the soutbem hemisphere, but 
southern because of the climate, which Is much hotter than ouiii. 
How would he build this city — how construct a town in a vast 
unoccupied plain — 

" Where fancy sees 
Squared in morasBeg, obelisks in trees f* 
He would do it in this way. He would give sweeps of build- 
ings, or else each separate building standing in its own garden. 
He would also give broad straight streets. But neither Mr. Scott 
nor any architect of eminence would, in building a new city, fall 
back on that most clumsy, vulgar, and odious plan, of designing 
towns with streets running at right angles to each other — a plan 
which unites the maximum of ugliness with the maximum of 
inooQYenience. Streets built at right angles are destitute of 
perspective; the only view to be obtained is from one end of 
the town out to the other end: whilst it is obvious that with 
streets at right angles there can be no short cuts from one 
point to auother. Anyone building a new city would follow the 
new plan, adopted in Washington, of building the town radiating 
from various ceutres, the different rays crossing each other. By 
this plan the shortest cuts consistent with straight atreeta would 
be obtained. At the centre of every star, some large building 
would be placed, ao that the spectator would see a public build- 
ing before him at the end of evety street; and at the various 
squares made by the intersection of the different rays, there 



would be a group of several large buildings to be aeen, Thw 
would be a monumental city, — its streets straight, its buildings 
well placet!, one or two being at every crossing, and the streets 
so broad that even omnibus tramways could run along them 
without the slightest inconvenience. Could this be done in Lon- 
don ? I believe not Ought we to repent of not being able to 
do this in London? I believe not We ought not to dream of 
building a new city of prospective eminence, of speculative mag- 
nificence. We have another task before ua, more sure, e^iually 
grand, equally worthy of the whole soul and thought of everyone 
who has the broad neaa of heart to (IcaI with architecture not 
as a makeshift but as a science. We have by our individual 
exertion Somali though they may be on the part of each of 
us, but great in the aggregate — to conduce to the convenience, 
the health fulness, and the beauty of our great capital. Louis 
Napoleon has riddled Paris with brood boulevards. He in ay 
have done a great deal of good, and made great streets. No 
doubt he has. He may have swept away ruthlessly many most 
picturesque vestiges of old Paris. No doubt he haa: but we 
could do neither the one nor the other; and we must accept our 
position. It is a position inherent in a free constitution — a na- 
tion in which the maximum of order combines with the maximum 
of independence. K we like to take France with the accidents 
and positions of France, let us take it I for one am satisfied 
with the British constitution, and with London as it is. In 
1666, indeed, we lost the opportunity of building a monumental 
Londou. Sir Christopher Wren made a vejy grand plan on 
the mdiating principle, for rebuilding the city of Loudon* That 
p!an went to pieces, and came to nothing; but whether or not 
the city of London, rebuilt by Wren, would be mediocre as re* 
gards street architecture, or whether it would not have ham- 
pered us now, is a question into which T cannot enter, I fully 
admit the theoretic beauty of Wren's London; but it is a matter 
of history, and no more affects us practically than the question 
of what Tivould have been the result if Harold had conquered 
William at the Battle of Hastings. London has been rebuilt, 
with all its old inconveoiences and old picturesqueneas, in the 
style of Charles II,, and all the rest of the town nas grown up 
at haphazard around it 

The question is, can we do any great heroic work to reconstruct 
and regenerate the map of London 1 Great work has been done 
in our century, within the last fifty years, Regent'a-park, witli 
all its faults, is a great work, Kegent-sti'eet, ugly as are the 
buildings at either side of it, is a great artery. Cannon-street 
also is a great artery; and thei-e are two main thoroughfares 
of recent coustruction, one to the north of Saow-hill, and the 
other near Westminster Abl>ey, both of which I regret to say 
bear the name of our gracious Sovereign. Then there is Tictoria- 
park, at Hackney — a pretty thing perhaps, though not a great 
work of art. A new bridge is also about to be thrown across 
the Thames. When all Sieae things are done, is there much 
more of the gre^it and heroic kind U> be carried out? A future 
cone ration may accomplish much, but I doubt if more can be 
done in our day except that one great, neceaaary, and noble 
work which has been the dream of so many years, and has now 
become an imperative reality — ^the quaying of the Thames. An 
old friend of mine, lately deceased, Sir Frederick Trench, who 
died iu hia eightieth year, and whose sterling simplicity of cha- 
racter must have been appreciated by everyone wLo kuew him, 
was the real author of this Thames scheme. People laughed at 
him as a visionary, or repudiated him as an intruder. He pub- 
liahed book after book, upwards of thirty years ago, advocating 
this scheme. He has not lived to see the realisation of hia day- 
dream, but he was really the man to whom^ in our generation, 
we owe this great improvement I remember reading a debate 
on this subject) which took place in the House of Commons in 
1826 — thirty-six years ago. Great ministers and officials took 
part in that debate. Sur Eobert Peel thought the thing would 
never do. Why? Because the Thames scheme would diminish 
the value of property in Essex-street, Arun del-street and other 
streets in the same ueighbourhood ! He was not the only minister 
who raised difficulties about it; there was another member of 
Parliament, who in 1825 was a veteran member, having then 
been some twenty years in the House, and having held hiph 
office some eighteen or twenty yeara. He also made difficulUe« 
about that scheme. That veteran official was one of whom we 
have all beard by the name of Yiscount Falmenton. He also 
in 1825, saw difficulties about the Thames scheme, aa in 1859 he 
saw difficulties about the Foreign Office. When he was scepticaJl 
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M to anj great Acbeme for the regeoeration of London hting 
earned out, he made a sacrifice of niticb private feel log. 

I advocate, aad atiU adhere to the belief, that the greatest 
Improremeat Id London would be the oonstraction of a river-side 
park between Weatmin^tcr Abbey and Charing-cro6s. Whilst 
we have the great forest tract of Keaaington-gamena and Hyde- 
park — wbiJat we have the meadow of the Green-park— ^nd the 
omameDtal garden of Sl JamesVpark coming within two or three 
tmodred yards of the river, it ia a shame and a disgrace that this 
great aweep of conn try in the middle of the town should not 
eome down to its natuml badis — the Thames. There are many 
other achem4?8 which a fervid imagination might dream ot 
Sweeping away^not without a aigh — ^U James's Palace, of»ening 
8t Jame8*a-street to the park, and then carrying it forwam nnta 
it touched and was lost in the Kegeofa-park, would be a ma^t- 
ficeot improvement. But putting all these considerations aside, 
the practical question is. how to improve London as it stands. 
Ixinaon is admirably suite*! by its undulating character to con* 
dooe to a picturesque effect in its buildings. There is hardly 
any town of the si^e of London that lies in a country of so high 
an average elevation. Venice and Amsterdam, respectively per- 
haps the most picturesque southern and northern cities in the 
world, are each of them situate in moraases Won from the sea. 
To be sure, the presence of water up and down the streets of 
those towns, and the character of the buildings that fringe the 
qai^ya, give to Venice and Amsterdam their peculiar character; 
but compared to those cities, London is a series of broken hills, 
in fact, almost a mountainous country. 

The cause of this vast size of London is nothing to be proud 
ot London might have had all its population, all its healthful- 
ness, and a great deal more, and much more convpnience than it 
has at present, but for the accidental fact of the building of this 
city having got from the hands of proprietors into those of 
middle-men, and from their hands into those of double-middle- 
men under them. The system of giving leases, advantageous as 
it may be in many cases, produces a spirit of spefrulstion, and the 
various proprietors of jarms about London throw them into the 
market, and endeavour to realise in their lifetime by parting 
with them on building leases. The principle is adopted of 
erecting buildings which cover the maximum of ground area 
with the minimum of vertical height; and so London has grown 
up with a combination of different proprietors, and dinerent 
building leases under those proprietors, until it has reached 
that |>ainful superfluity of area compared with its population 
which I hope will enable us to increase London, not mto Essex 
or Hertford north and south, but upwards into the sky — into 
buildings more aerial, more bright, and more elevated. London 
being a Northern dty, of course depends much on atmospheric 
effects. Those Southern suns give a clear sky, a climate which, 
excepting when a thimderstorm comes on, is of almost unbroken 
brilliancy; but there are none of those half shades, those mists 
that come and go, that play and variety of atmosphere which 
represent the same buildmg under diiferent aspects at different 
times. Those atmospheric effects are what the Northern archi- 
tect should rely on. He must not rely too much on combining 
foliage with house building Foliage does very well in climates 
where not much coal is burned, where consequently there is no 
deleterious atmosphere, and where the warmth of the sun keeps 
evergreens verdant^ and brings out the deciduous trees early in 
spring. In London the combined effect of coal smoke and a colder 
climate causes the trees to oome out very late, and to turn bkck 
vary early. Common-sense has taught Englishmen that the 
best way to deal with foliage is to mass it togetiier^ to bring as 
it were large tracts of country inside the town, and mass the 
foliage with broad belts of turf between them. Our parks illus- 
trate that principle, as do also our principal squares, such as 
GroBveoornsquare, LincolnVinn-fields, &c. In a warmtir climate 
the planting of trees in streets may be adopted, and it may be 
advantageous here also, though it is not tu be relied on. In 
Amsterdam, for instance, there are rows of trees along the 
strp>et«, which in summer conduce much to the picturesqueness 
of the city; but even in winter the gables compensate for the 
absence of foliage* 

Any great scheme of reconstruction is not to be thought of: 
the widening of streets and the making of short cuts whenever 
that can be effected, are what we should rely on, A great deal 
may bo done by broad pathways being, as it were, swept out by 
A oaimon-ball} and the various means to that end — though in 
tbtmielves they may seem insignificant — will prodace a eati»* 



&ctory result To eome to the point, what are to be the main 
principles of the future architecture of London I Design is on©: 
material is another. I contend that under the head of design 
we may come to two main prindplea, each of considerable im- 
portance. The first is to play with the sky-line; to take that 
sky-line and deal with it boldly as the most important feature of 
the whole building. The second is to construct every house 18 
in itself a unit, standing by itself, looking of course more to ita 
height than t^ its width. The principle of building honsea in 
terraces, which is the principle that must be adopted in a monu- 
mental city, and the principle so often adopted in London, can 
nerer be satisfactory. Do what we will, there is something 
about it that betrays the sham. In building a town, even if it 
were necessary to make a street as straight as an arrow, it would 
be better to break up and destroy the nniformity of the terrace. 
The idea of causing it to resemble a palace front can never be 
realised; and if the bollder has to make one house higher than 
others it would be better to place it at the comer instead of in 
the centre of the mass. The sky-line resolves itself into ihrtm 
special forms — namely, the pyramid, the tower, and the cupola. 
By the pyramid I mean everything that tapers up with two 
lines meeting at a central point: it mcludes tne spire, the cone, 
and the gable* By the tower I mean eveijthiog that riises in a 
square mass, and thus the tower includes the massive chimney- 
stack. By the capola I mean everrthiDg that rises with lines 
more or less curvilinear, and under tKat term I include the Man- 
satxi roof These three include everything out of which the sky- 
line ought to be formed; and in building in London, with its 
varied atmospheric effects, the sky-Hne ought always to be 
tikeu into consideration. An architect, if he has the selection, 
will choose the corner of two places for the erection of his build- 
ing, on account of the opportunity it siveB him for rounding off, 
which adds so much to the jzeneral e&ct. That is a very land- 
able ambition, because be will have scope there which he will fail 
to find elsewhere. 

Dealing then with houses as units, what are we to come to? 
The first thing to look to is the elevation- of the front, which is 
all-in -all It is often very seductive to draw a very pretty geo- 
metrical elevation; but you may take my word for i%] that is very 
often little better than a mockery, a deJusion, and a snare, when 
building in a town. Every building has a fix>nt, but it has also 
two sides and a back; and the elevation of the front with respect 
to the two sides and back, will as often lead astmy as lead in the 
right direction. Look to what London is— blocks of houses in- 
closing hollow squares within. These blocks cannot be called 
absolutely square, as they are generally longer in front than deep 
behind. If buildings are erected nearly on the same elevation, 1 will 
not say you will see an ugly back^ because that would be hidden, 
but a side that in no way corresponds with the front, and you 
will also see an ugly cornice stopping 4 J inches round the corner. 
These cornices are the greatest temptations that can come in n 
frail and emng architect's way. You should avoid cornices M 
you would avoid any other form of eviL If you can cairy it 
round, you should do so; but if you put a great lump of a comioe^ 
hanging in front and ending in nothing, you will make a gttal 
sham, and e^cpoee yourself to the criticism you richly deserve 
from those who will look more than an inch round the comer. 
You should deal with the sky-line as I have stated, run the build- 
ing up into a cupola, tower, or pyramid, and then you will phice 
the cornice in its right position. I do not mean to say that the 
cornice should not play its part, but its part should be a very 
subordinate one in this northern architecture which I advocate. 
It should be the base of the sky-line capping, not the tennina- 
tion of the vertical building. For instance, if you had a comic© 
as the termination, how could the chimneys be carried out well? 
and yet a good solid stack of chimneys, in the hands of a good 
architect, is not only viHually but really a tower. It gives eli»- 
vation, and forms a break. It may be to a great degree grand, 
and at the same time to as great a degree unsightly. Any stack 
of chimneys that requires crockery or metal topping is not only 
a failure but a solecism, both architecturally and a<?tually. By 
building the stack in a masts, which is not consistent with the 
heavy cornices I speak of, yon will secure the sky-line, and have 
domestic comfort for those within and architectural beauty for 
the building I will give an instance of a great opportunity lost. 
If you stand at the nortli-east corner of the Green-park, you wiH 
have west the whole stretch of Piccadilly; south, the broken 
ground of the Green-park, terminating with some of the towers 
on the Palace of Westminster. The spires of several churchea 
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are also to he aeen, aud a gliropee is also got of BuckiDgham 
Pftlace, to which dialanoe lends a charm which is said not to 
be found nearer. You wOl see also a lar^^fo building which I 
believe is intendetl for an hotel. It is au otfeuce to the eye; and 
why] Because the details are mean. If it had a Mansanl ronf^ 
and a few stacks of cliimnejR well di^poaeil^ then at a distance 
of 200 yards you couhl rnasa these — but they are wanting; and 
where this building might be the turning point of a gi*eat town 
landscape, it is a huge block of deformity. Thia may be taken aa 
an illustration of what I have euHenvoni-ed to impress, I do not 
know to whom the design of that liotel h owing, and therefore 
do not speak from personal feeUng^ but merely from obaervatiou 
of the edifice. Lower down, Bridgwater House also fails with 
chimneys. They are just sufficient to attract the eye^ hut not 
sufficient to make a rest for the eye which they altnict. The 
same may be said of Stafford House, though they are bcjth great 
masses, with good architecture more or leas about them; but 
there is want of sky-line that is more especially needed owing to 
the slope of the ground in that direction. If you go to Hanover- 
aq^uare, to Hyde-park, or anywhere in Groavenor-sqnare, you will 
see the npire of that beautiful building, St. George's i'hurch, 
producing, if it be a hazy day, a fine atmospheric effect. The aite 
of the building may have been an accident<, but the effect is 
mat. Wren's western end of Westminster Abbey, wi»h all its 
defects, is a great mass. Near it are Mr, Scott's very picturesque 
bouses; and in the sjime neighb<mrhood, that nionumeut of which 
a very high official w^^t:* able to apeak with «uch a superabun dunce 
of ignorance the other day. 

In looking through London, it will be found that street 
scenery has not been altogether disregarded. There is the Eus- 
ton Hotels with its high elevation; there is also the Oreat 
Western, which is a great improyement; also the Groavenor Hotel, 
near Buckingham Palace, which, without entering into a discua- 
Bion of design, from its altitude boldly thrown akyward, from 
the stone of which It is built, and from its pyramidal roof, is to 
be admired. Looking at these edifices, nobody will say that the 
cauae of architecture* is not growing in London. Tliere is a 
house lately erected on the we«t side of BishopagEite-street — Mr, 
Wilkinson, architect — in which the form of Itjdian-Oothic has 
been intnxluced, and the cornices have been dealt with so as not 
to make the fatal mistake of looking round the corner; the pyra- 
midal roof has been carried out, and those who approach the 
building will find a specimen of magnificent architecture, — a 
good outline and great beauty and delicacy of detjiil, Mr, 
Barry^s schools at the corner of Kndell-street are also works 
of very high nient: the height ia great, and the gable, which is 
one of the eleraenta of the aky-liue, successful ly handled. Gables 
can only be dealt with very gingerly in Loudon, owing to the 
restrict ion a impuHcd by the Euikling Act — one of the objects no 
doubt tjcing to guard against tires. That should be considered 
by architects, and it of course deprives them of full scope. Those 
buildings by Mr. Barry have a very good altitude, and a very 
au^cient gable, and inside the rooms are airy, light, and well 
diatributetT That is a locality in which buildings of more or 
lesjs merit will be found. The Schools of the parish of St. 
Martin show considerable study. The buildings I allude to are 
massed t<»gether, and the unity contributes to thw great whole 
of Lond'Ui^s future picturesqueness. They show what the town 
might be if fairly taken in hand by one person after another, each 
person aiming at some particui.ir object. It is a mistake to 
think that in Amsterdam and Venice, or in other continental 
town, the build inga are all first-rat«, or even tenth-rate. They 
are generally thirty or fortieth-rate. It is the en^efubie to which 
they owe their effect, making them appear /is if with respect to 
each it had been its design and intention to carry oat one idea--^ 
and not to the mere mechanical piling of them together^ 

I will not take you through the city; but in the city there are 
many very sumptuous edifices round about our public buildings, 
Tliere ia Sir. SarPs edifice, and the still more sumptuous Marine 
Insurance Office; then there ia the somewhat fantastic Telegraph 
Ofhce, behind the Royal Exchange, and also the small but pretty 
Schools of St, Mary 'a, Aldern>anbury, erected within a few years 
by an architect seated in the city. If you proceed onwards to 
the poorer neighbourhoo^is, j^ow will traverse street after street, 
uniform and monotonous and wretchtfd, and your hearta will 
sink within you; yet here and there you will 'see a sample of 
what enlighteneLl enterprise may carry out. In one of the 
poorest parte of Bethnal-green, Miss CoutU has built three 
great lodging-housea, two of which are complete, the third almost 



out of hand. They are solid masses ou a hnge scale^ constructed 
of tire*proof material, with some pretensions to architectural 
elegance in their sky -line, and with a bnik and solidity which 
carry beauty with them. These are full of inhabitants, and are 
the representatives and correlatives of many streets and housea, 
maaaerl into those great structures. How far the habits of the 
population may allow them to live in "flats" inst4*ad of housea 
18 a mutter which I cannot enter into; suffice it to say that 
here and there the experiment has been tried, and there has 
been enough success achieveil to warrant it« imitation, not 
merely by the architect but by the pbilantliropist. 

I have taken you so far through a great deal of London, but 
have not yet entered on Bel gra via, or Tyburn ia, nor into that 
region which hjia been built in a quarter the name of which 1 
am afraid I cannot accurately give. A few years ago 1 ahould 
have caile<l it North Bmmpton, now I believe I should designate 
it South Kensington. Whether it ia North Brompton or South 
Kensington, there are large houses and atraight streets there. 
The height ia greater in Tyburnia than in Belgravia, and in 
Brompton-Kensmgton than in Tyburnia. There ia an improve- 
ment also in the roofing. Still there are many points wliiefi do 
not admit of ao much praise. The material is nlm*>.st confined 
to compo. The distribution of Htreets ia that miiserable one of 
right angles^ square blocks, mutaliona of palaces — terraces in 
short, where we want bouses. There is no hnimony in them 
with ancient London* They are the la^t-built apecimeua of 
that style which you ought to avuid if you would make the 
metrtipolis picturesque. There is intended to be in one of these 
regious^ — South Kensington — a building, not yet risen above the 
ground, which we are told will be completed by the Ist May, 
ISC)'2, — I mean the Great Exhibitinn bnilding. I should have 
hoped and wished that in a lecture un the architecture of Lon- 
don, one might have wound up with a glowing panecyric on 
that very vast ex|janse of structure, I fear however, that with 
all desire to see the Exhibition HucceasfuU with all deaire to give 
praise to every good intention, I cannot be very enthasiastic 
in laudation of that design. People^s tongues have b^en tied 
Ijecatise it is auch a very good intention. It would seem like 
throwing dirt in the face of one*fl benefactor to criticise it. On 
the other hand, one does not like to cJist reproach on anything 
that is like nu effort of genius, or which might seem to be genius, 
emanating from quarters wliiuli possess the merit that a gene- 
roua man always appi-eciates — that of self- instruct ion. But still 
I must express something not verj* far distant from pi-o found 
disiippointment at the design. It ia allowable to be disappointed 
at a first efi^orl. It in I hope not a crime to l>e disappointed at 
the large cupolas; and dii^^ppointmeut won hi not have been 
changetl into approbation had the still larger central cupola cou- 
tinueil to form a p»ortiou of the design^ Here I will leave the 
Exhibition of 1862. 

Those who have studied tlie progress of architecture cannot 
fail to have reatiseil how much their resources in the way of 
material have been developed; how, instead of being confined to 
mere B^ith and Portland atone, or the ordinary brick, we have 
got into the polychromatic development of reid material. If you 
go into this style at all, you should do so boUlly, The mate- 
rials should be of the best soi-t, each in its proper place, atul all 
well and strongly exhibited. We too often aee the [wly chromatic 
Btyle of architecture carried out with the yellow brick of Ixpndon, 
with a few red bricks thrown in heitj and there. That will not 
do: the bands should be bold and broad, and the colours diatinct. 
By some lueaua, fair or foul, you ahould induce the brick-maker 
to give better bricks, such as ai'e used in many of the brick 
buildings on the Continent, The magnificent Hospital of Milan 
ia built of red bricks, with mouldings carried out in the same 
material --hard red bricks, which sUind the wear and te«r of cen- 
turies. If we could get that material in England, well and good; 
if not, we should go elsewhere for it. That which we use at 

f J resent — the yellow, red, and black— fuses into a uniform choco- 
ate under the London smoke. We should therefoi'e use other 
tints, such as green. That colour might be u.sed in painting 
window frames, and in other portions of the structure. But 
whatever colours are used — yellow, red, black, or green — they 
should be of superior quality, and be moi'e bohlly dealt with 

I have treated excluaively of secular architecture, because I 
believe that the brunt of the b>Utle now rests, so fur as town 
architecture is concerned, with that particular bran h. Churches 
which have both gables and spires take care of themselves. 
Ecclesiastical architecture has gone on improving, and haa con* 
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tribnted, more Umii anyoM hiis aa idaa of, to the pietnresqiieDeOT 
of London; and I leave it as it is, not because I do not lealiee its 
great importance in every way, or nnderrate it, but beeanse it is 
not the point which requires expansion and improvement. 

I have hardly in the coarse of the lecture nsed the words Be- 
naisaance, (Gothic, or Classic. I have not adopted that reticence 
from cowardice, or from a desire to avoid the subject I am a 
Qoth — more ihan that, a Northern Ooth; but I am anxious to 
beautify the Northern Gothic with the best points of other styles, 
namely, Italian-Gothic, and Italian-Italian — for now that nice 
distiuction should be drawn. I am willing to give a welcome 
to the best features of Grecian and Italian Gothic, and to extend 
the highest admiration to buildings of those elnssical and various 
styles, either in or out of London. I look on St. George's, 
luinover-sqnare, as one of the best specimens of picturesane 
architecture. Then there is that magnificent structure which 
you see when lookiuff up Ludgate-hill — the forest of city spires 
to be seen wherever the eve turns — and the grand conceptions of 
Hawksmoor, who learned his lessons not in Italy, but on the 
Bhine. If you look at St. George's -in- the-East, you will 
realise the inspiration which he must have drawn fi*om styles 
very little appreciated by men in those days. I am ready to 
give credit wherever credit is due — wherever conception and 
ori^nality get play. I am a Northern (}oth in conviction, not 
prejudice; Iwcause I believe the €k)thic best fulfils certain general 
mies of taste which ought ta be applied in London. If you have 
gone with me in treating houses as units, not as component parts 
of terraces; if, as I have appealed to you to do, you would play 
with the sky-line, and make the cupola, the pyramid, and the 
tower the main features of that sky-line; if you attend to design, 
and adopt judicious variety of colour in the materials, then I 
leave it to your judgment to answer in what style you find the 
best exemplification of all Uiese principles. I appeal to your 
judgment; and the more calm, the more cold, the more critical 
that judgment is, the better, for then you would be the more 
likely to answer — "The €k>thic is the style with which we could 
best grapple with these problems." If you did not say so, I 
should be much surprised. My endeavour has been to point out 
how, little by little, you all can work, as it were, like auts; so 
that contributing by small degrees to the great heap, you may 
deal with this Ix>ndou of ours — ^this vast, sometimes cold, often 
foggy, this northern, this great, this inimitable Loudon — and 
may each in his own measure help to convert it into ii pictu- 
resque city, in conformity with the natural variations of its soil 
and those rules of architecture which you have learned in 
northern dimates. London will be a picturesque city if you set 
your shoulders to the wheeL Its pioturesqueness will not be the 
pioturesqueness of abrupt rooks and deep valleys, such as you 
liave in Edinburgh; but a pioturesqueness in which the vast- 
uess of the whole mass of the metropolis much more than com- 
pensates for those accidental advantages, — where the thousands 
and tens of thousands of the houses, its numberless streets, and 
the number of reconstructions that go on day after day, may, 
with a very small amount of talent expended* upon them, pro- 
duce a ^reat result The very highest architectural talent is 
now available in London. Tlie very highest talent is used here 
and there, and in a great many cases a secondary amount of 
talent; and that secondary talent, imitating the higher, will carry 
oa Uie great work which we all desire to see accomplished. If 
there was only something like unity of intention and desire to 
baild for the sake of the town itself, and not merely for the itidi- 
vidual stmcture^-with a true idea of elevation and aspect as 
viewed, not from a few yanis distant, but fh)m whatever point 
the perspective could be gained; if, above all, the builders 
coald be got hold of and made to understand that monotonous 
rows of teuth-i-ate houses, run up with starved designs in horrid 
terraces, are not commodious, beauUful, or even cheap; if houses 
were built for their own sake, as part of a whole, and not for tlie 
sake of any fancied uniformity with the house next door; if we 
could get into the mind of the builder that Loudon is not a 
c9/mt mortuumf but a great city in the oourse of rebuilding — then 
it might be rebuilt into something tao^t picturesque and beau- 
tiful, by the multitudinous aggregation of units one with another. 
You might lay the foundation of oonverting this London of ours 
-*which is so often (and so often justly) a mockery and laughinr - 
stock both to people at home and abroad— into a metrop( lis 
which might in a century or two hence have a name all through 
the world fbr infinite variety, infinite beauty, infinite quaiutness, 
and also infinite graoefulness of architecture. 



IMPROVEMENTS IN THE WARMING OF BUILDINGS. 

Some improvements in the warming of buildings have recently 
been made and patented by Mr. T. Phillips, of Skinner-streeti 
Snow-hill, London. For warming a conservatory or greenhooae 
the patentee employs a cylindricd apparatus, with a plain coni* 
cal or ornamental top fixed externally at one end of the struo- 
ture. To this apparatus the gas is conveyed from a simply 
constructed gasometer, the size of which is regulated by the 
extent of the area to be warmed. Near the base of this cylin- 
drical standard a set of gas jets are introduced, which arc fixed 
on what is termed by the inventor a ''patent swing burner" — 
very ingeniously contrived, so that the lighting is efiected outside 
and the jets afterwards swing into their proper position within 
the cvlinder in working order. Over the jets provision is made 
for the reception of cold water, conveyed into the standard by 
a pipe which enters immediately over the gas jets, when above 
this a pipe is inserted through which the water flows after 
having been heated by the gas. It is then conveyed by means 
of branch pipes in the directions required. One advantage of 
thb system is, that when employed in structures for borticul*, 
tural and similar purposes, the heat can be maintained at a 
uniform temperature throughout the whole night, without per-. 
sonal attention. Another advantage is, that in places distant 
from gas-works, an apparatus can be readily constructed, on so 
simple a plan that it may be easily managed by a lad, by whidi 
gas can be made at the rate of 2«. or 2$, dd, per 1000 feet 

Mr. Phillips' arrangements are equally suitable to the warming 
of churches, picture-galleries, and public buildings generally. 
The apparatus in which the gas is generated may be of an onia- 
mental character. The patentee has also introduced for lighting 
churches, chapels, and other buildings, a new light, bv which 
greater brilliancy of illumination is obtained with half the num- 
ber of burners, and at a much less cost than by tlie mode 
usually employed. 

It would appear that the inventor's cooking apparatus haa 
been adopted by the government for military and other esta- 
blishments. It varies from 1 foot to 6 feet long by 2 ft 6 in. 
wide and 3 feet high; and is so contrived that its various divi- 
sions are independent of each other, and the arrangements for 
the control of the heat are such that the singeing of a feather 
or the roasting of a hundredweight of meat may be effecte«l at 
pleasure. One of the large size is in use at the garrison hospital, 
Chatham, and is said to be a perfect success. It carries on 
simultaneously the processes of roasting, baking, boiliug, and 
stewing, for 600 men, at an expenditure of about 2f. Qd, worth 
ofgas. 

The baths for domestic purposes are simple in their constmo- 
tion, and have the great advantage that the water can be main- 
tained at a uniform temperature while in use. They are so 
conljived as to be readily removed to any part of the house. 



UNITED STATES PATENT LAW. 

An Act in addition to an "Act to promote iheprogrt99 of the Unfid Arts, 
Approved March 2, 1861. 
Bi it enacted by the Sexiate and the House of Representalaves of the 
United States of America in Congresa aHsembled, that the Commiauoner 
of Patents may establish rules for taking affidavits and depositions re- 
quired in cases pending in the patent office, and such affidavits and depo- 
sitions may be taken before any justice of peace, or other officer authorised 
by law to take depositions to be used in the courts of the United States, 
or in the state courts of any state where such officer shall reside; and in 
any contested case pending in the patent office it shall be lawful for the 
clerk of any coui:t of the United States for any district or temtoiy, and 
he is hereby required, upon the application of any party to such contested, 
case or the agent or attorney of such party, to issue subpoenas for any 
witnesses residing or being within the said district or territory, com- 
manning gudi witucsscs to appear and testify before anv iustice of the 
peace or other officer as aforesaid, residing within the said district or ter- 
ritory, at any time and place in the subpoena to be stated; and if any 
witness after being duly served with such subpoena shall refuse or neglect 
to appear, or tSter appearing shall refuse to testify (not being privileged 
from giving testimony), such refusal or neglect being proved to the satis- 
faction of any judge of the court whose cWk shall have issued such sub- 
pcena, said judge may thereupon proceed to enforce obedience to the 
process, or to punish the disobedience in like manner as any court of the 
United States may do in case of disobedience to process of subpcena ad 
testificandum iasoed by such court; and witnesses in such cases diaU be 
allowed the same compensation as is allowed to witnaases attending the 



•Joel, 1861] 



THE CrVlL ENGINEER. AND ARCHITECT'S JOTTKNAL. 



185 



<ooarti of ihe United Btfttee; jHrovided thai no witasM diall he required 
to attend at any place more than 40 miles from the place where the 
sabpoena shall be served upon him to give a depotitioo under this law: 
nroyided also that no witness shall be &emed guilty of contempt for re- 
fusing to disclose any secret invention made or owned by him; and pro- 
vided further that no witness shall be deemed guilty of contempt lor 
disobeying any subpoena directed to^him by virtue of this act unless his 
fees for going to, returning from, and one day's attendance at the place 
of examination, shall be paid or tendered to him at the time of the service 
of the subpoena. 

2. Tliat for the purpose of securing greater uniformity of action in the 
grant and r^nsal ol letters patent, thoe shall be appointed by the Presi- 
dent, by and with the advice and consent of the Senate, three examiners- 
fai-chief, at an annual salary of $3000 each, to be composed of persons of 
competent legal knowledge and scientific ability, whose duty it shall be, 
on the written petition of the applicant for that purpose being filed, to 
revise and determine upon the validity of decisions made by examiners 
when adverse to the grant of letters patent; and also to revise and deter- 
mine in like T«i^ .n iv? r upon the validity of the decisions of examiners in inter- 
ference cases, and when required by the commissioner in applications for 
the extension •of patents, and to perform such other duties as may be 
assigned to them by the commissioner; that from tl^ decisions /^peals 
may be taken to the Commissioner of Patents in person, upon payment 
of tne fee hereinafter prescribed; that the said examiners-inchief shall be 
governed in their actions by the rules to be prescribed by the Commis- 
sioner of Patents. 

8. That no appeal shall be allowed to the examiners-in-chief from the 
decisions of the primary examiners, except in interference cases, until 
after the application shall have been twice rejected; and the second exa- 
mination of the application by the primary examiner shall not be had 
until the applicant, in view of the reference given on the first rejection, 
shall have reneweid the oath of invention, as provided for in the 7th 
section of the act entitled *' An act to promote the progress of the useful 
arts, and to repeal aU acts and parts of acts heretofore made for that 
purpose,*' approved July 4, 1886. 

4. That the salaiy of the Commissioner of Patents, from and after the 
passage of this act, shiJl be $4500 per annum, and the salary of the chief 
derk of the patent office shall be $2500, and the sakry of the librarian of 
the patent office shall be $1800. 

5. lliat the Commissioner of Patents Is authorised to restore to the 
respective applicants, or when not removed by them to otherwise dispose 
of such of the models belonging to rejected applications as he shall not 
think necessary to be preserved. The same authority is also given in re- 
lation to aU models accompanying applications for designs. He is further 
authorised to dispense in future with models of designs when the design 
can be sufficiently represented by a drawing. 

6. That the 10th section of tlie act approved March 8rd, 1837, autho- 
rising the appointment of agents for the tranroortation of models and 
spechnens to the patent office, is hereby repealed. ' 

7. That the commissioner is further authorised from time to time to 
appoint, in the manner already provided for by law, such an additional 
number of principal examiners, first assistant examiners, and second as- 
sistant examiners, as may be requuned to transact the current business of 
the office with despatch, provided the whole number of additional ext^ 
miners shall not exceed four of each class, and that the total annual 
expenses of the patent office shall not exceed the annual receipts. 

8. That the commissioner may require all papers filed in the patent 
office, if not correctlv, legibly, and clearly written, to be printed at the 
cost of the parties filing such pi^)er8; and for gross misconduct he may 
refuse to recognise any person as a patent agent, either generally or in. 
any particular casfs; but the reasons of the commissioner for such refusal 
shall be duly recorded, and subject to the approval of the President of 
the United States. 

9. That no money paid as a fee on any application for a patent after 
the passaffe of this act shall be withdrawn or refunded, nor shall the fee 
paid on flung a caveat be considered as part of the sum required to be 
paid on filing a subsequent application for a patent for the same in rention. 
That the three months^ notice given to any caveator, in pursnance of the 
requirements of the 12th seo£>n of the act of July 4tn, 1886, shall be 
computed from the day on which sudi notice is deposited in the post- 
office at Washington, with the regular time for the transmission of the 
same added thereto, which time shall be endorsed on the notice; and that 
so much of the 18th section of the act of Coiigress, approved July 4th, 
1836, as authorises the annexing to letters patent of the description and 
specification of additional improvements, is hereby repealed, and in all 
cases where additional improvements would now be admissible inde- 
pendent patents must be applied for. 

10. That all laws now in force fixing the rates of the patent office fees 
to be paid, and discriminating between the inhabitants of the United 
States and those of other coimtries which shall not discriminate against 
the inhabitants of the United States, are hereby repealed, and in their 
stead the followinff rates are established: —On filing each caveat, $10. On 
filing each originu application for a patent, except for a design, $15. On 
inung each original patent, $20. On every appeal from md examiners- 
ia-chief to the commissioDer, $20. On every af^cation for the re-issue 



of a patent, $80. On every application for the extension of a patent, 
$50; and $50 in addition on the granting of every extension. On filing 
each disclaimer, $10. For certified copies of patents, and other papers, 
10 cents per hundred words. For recording every assignment, agree- 
ment, power of attorney, and other papers, of 300 words or under, $1, 
For recording eveir assignment and other papers, over 300 and under 
1000 words, $2. For recording eveiy assignment or other writings, if 
over 1000 words, $3. For copies of drawings, the reasonable cost of 
making_the same. 

11. That any citizen or citizens or alien or aliens, having resided one 
year in the United States, and taken the oath of his or their intention of 
becoming a citizen or dtiaens, who bv his, her or their own industiy, 
genius, efforts, and expense, may have mvented or produced any new and 
original design for a manufacture, whether of metal or other material or 
materials, and original design for a bust, statue, or bas-relief, or composi- 
tions in alto or basso-relievo, or any new and original impression or onu^ 
ment, (or) to be placed on any article of manufacture, the same being 
formed in marble or other material, or any new or useful pattern, or 
print, or picture, to be either worked into, or worked on, or printed,, 
or painted, or cast, or otherwise fixed on any article of manufao- 
ture, or any new and original shape or configuration of any article of 
manufacture not known or used by others before his, her, or their' 
invention or production thereof, and prior to the time of his, her, or their 
application for a patent theref(Nr, and who shall desire to obtain an exclu- 
sive property or right therein to make, use, (and sell) and vend the same 
or copies of the same to others, by them to be made, used, and sold, may 
make application in writing to the Commissioner of Patents expressbig 
such desire: and the commissioner, on due proceedings had, may grant 
a patent therefor, as in the case now of apphoation for a patent, for the 
term of three and one-half years, or for the term of seven years, or for the 
term of fourteen years, as the said applicant may elect in his application; 
provided that the fee to be paid in sucn application shall be, for the term 
of three years and six monuis, $10; for seven years, $15; and for fourteen 
years, $80: and provided that the patentees of designs under this act 
shall be entitied to the extension of their respective patents for the term 
of seven years from the day on which said patents shall expire, upon the 
same terms and restrictions as are now provided for the extension of 
letters patent. 

12. That all applications for patents shall be completed aiyi prepared 
for examination within two years after the filing of the petition, and in 
default thereof they shall be regarded as abandoned by the parties there- 
to, unless it be shown to the satisfaction of the Commissioner of Patents 
that such delay was unavoidable; and all applications now pending shall 
be treated as if filed after the passage of this act; and all applications for 
the extension of patents shall be fikd at least ninety days before the ex- 
piration thereof, and notice of the dav set for the houing of the case 
shall bepublished, as now required by law, for at least sixty days. 

18. That in all cases where an article is made or vended oy any person 
under the protection of letters patent, it shall be the duty of such person 
to give sufficient notice to the pubUc that said article is so patented, 
either by affixing thereon the word patented, together with tiie day and 
year the patent was granted, or when from the character of the article 
patented that may be impnicticaUe by enveloping one or more of the 
said articles, and affixing a label to the package or otherwise attaching 
thereto a label on which the notice with the date is printed; on failure of 
which, in any suit for the infringement of letters patent by the party 
failing so to mark the article the right to which is infringed upon, no 
damage shall be recovered by the plaintiff, except on proof that the 
defendant was duly notified of the infringement, and continued after such 
notice to make or vend the article patented. And the 6th section of the 
act entitied an "Act in addition to an act to promote the progress of the 
useful arts," and so forth, approved August 29th, 1842, be and the same 
is hereby repealed. 

14. TkaX the Commissioner of Patents be and is hereby authorised to 
print, or in his dtscretinn to cause to be printed, ten copies of the descrip- 
tion and daims of all patents which may hereafter be granted, and ten 
copies of the drawings of the same when drawings shall accompany the 
patents: provided tl^ cost of printing the text of said descriptions and 
claims shall not exceed, exclusive of stationery, the sum of two cents per 
hundred words for each of the said copies, and the cost of the dravrine 
shall not exceed fifty cents per oopy: one copy of the above number shafi 
be printed on parchment, to be affixed to the letters patent: the work 
shall be under the direction and subject to the approval of the Commis- . 
sioner of Patents, and the expense m the said copies shall be paid for out 
of the patent fund. 

15. That printed copies of the letters patent of the United States, with 
the seal of the patent offloe affixed thereto, and certified and sigr^ by 
the Commissioner ol Patents, shall be legal evidence of the contents of 
said letters patent in all oases. 

16. That all patents hereafter granted shall vsmain in force for the 
term of seventeen years from the dMe of issue; and all extensions of soeh 
patents is hereby prohibited. 

17. That all acts and parts of acts heretofore pasaed which are incon- 
sistent with the provisions of this aot» be ana the same are hereby 
repealed. 
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VOTES OF THE MOHTE. 

The Dalhoutte Institute Campetition.'-The Committee of the 
Council of the Dalhonsie Institute appointed to select the designs 
from those submitted in competition, have adjudged the first 
prize of Rs. 3000 to Mr. C. G. Wray, Executive Engineer, Ram- 
ghur Division, Hazareebagh; and the second prize of Ba. 1000 to 
Mr. W. S. Granville, 7, Harrington-street, Calcutta. A design 
by Mr. John Toner, of SS, John-street, Bedford-row, London, 
"was held by the committee not to have complied with the terms 
of the competition so as to admit of its being placed, but it was 
considered to possess such peculiar merit that it was determined 
to award to it an extra prize of Es. 500. Seventeen designs were 
submitted for the building — five being sent from England, and 
twelve from India. The successful designs and estimates are to 
be carefully revised with a view to the speedy submission of 
a design for the approval of the government 

Roman Remaine. — ^The city of York, the ancient Eboracum, is 
a prolific field for Roman remains. Very lately some interesting 
remains were found in the digging of the foundation for a house 
on the Mount, the southern suburb, which was that part of the 
city in which the Bomans interred their dead, and it is not very 
fiir from the hill erected to the memory of the Emperor Se- 
verus. Among the articles found are various articles of pottery, 
either sepulchral urns or vessels of domestic use, including one 
of the small earthenware vessels employed in feeding infanta 
by the hand, of which some specimens ma^ be seen in the 
museum of the Yorkshire Philosophical Society. A very per- 
fect and beautiful example was also found of the glass jar which 
sometimes took the place of potterv as a receptacle for the 
ashes of the dead. When extracted from the earth it was half 
filled with bones. The glass is partiaUy opalised by long lying 
in the ground, but it has escaped fracture. The most curious of 
the antiquities discovered here is a tablet of grit-stone, dedicated 
by her fiither to the manes of Cornelia Optata, who died at the 
a^e of 13. It is in hexameter verse, and the father, bewailing 
his hard lot, declares that he has placed an image of his daughter 
over the handful of ashes which alone remained of her. The 
upper part of the tablet which contained this figure has been 
broken off, only the feet remaining. 

Cherteey Abbey, — ^The site of this ancient abbey, of which no 
remains are above ground, has been recently purchased by Mr. 
T. B. Bartrop, one of the honorary secretaries of the Surrey Ar- 
chssological Society. It is his intention, during the present year, 
to have the ground thoroughly excavated, when no doubt nianv 
interesting relics will be found. In 1865 it was partly examined, 
and a splendid set of encaustic tiles discovered, which are now 
in the South Kensington Museum. 

British Association for the Advancement of Science.^-The thirty- 
first meeting will be held in Manchester, September 4th, 1861, 
tkndei the presidency of William Fairbaim, Esq., LL.D., F.B.S. 
The local sub-committee of Section A ^Mathematical and Phy- 
sical Science) for the ensuing meeting of the British Association 
at Manchester, considering that an Exhibition of Telegraphic 
Machinery, illustrating its gradual development, would prove 
interesting and instructive, has determined if possible to arrange 
such an exhibition. With this view the committee are seeking 
&om those connected with this subject contributions « f instru- 
ments, batteries, or specimens of insulation, &c., showing the 
history, progressive improvements, and present condition of tele- 
granhy. Persons willing to assist the committee are requested, 
at their earliest convenience, to forward a statement of what in- 
struments or specimens they would be disposed to contribute. 
It is proposed to illustrate the practical working of the various 
instruments by opening communications on one evening to the 
principal cities of this country and the Convinent^-say to London, 
Aberdeen, Dublin, Cork, Berlin, Vienna, &c; and the committee 
will be glad to know upon whom they may depend for aid in 
establishing these communications, and to what places it may be 
desired to woi'k through special wires to be extended to the Free 
Trade Hall, and what amount of accommodation will be likely 
to be required in the building. Portraits of men eminent in the 
science of telegraphy, photographs of telegraphic works or appa- 
ratus — ^in shoi*t, anything cdculated to increase the interest of 
the exhibition, will be gladly received by the committee. Com- 
munications should be addressed to R B. Clifton and Thomas 
Heelis, the hon. secretaries of the Section. 



Royal Institute of British Ardiiteets^Presentation of Prizes.-^ 
The prizes have been awarded to the' following gentlemen: — 
To Mr. Walter Paris, Fergusson's 'Handbook of Architecture,' 
for the best design for a literary and scientific institution. To 
Mr. Bichard C. Carpenter, Petit's 'France,' for the second best 
design for ditto. To Mr. Edward Tarver, Gwilt's 'Encyclo- 
pndia,' for the best set of monthly sketches. To Mr. Walter 
Paris, 'Parker's Glossary,' for the second best ditto. The £50 
prize claimed by Mr. Thomas Vanghan, jun., of Stoke Newing- 
ton, the successtnl competitor for the Soane Medallion in 1859, 
was awarded. This gentleman being abroad, his father attended 
for him and received the prize, the president reouesting him to 
convey to his son the congratulations of the Institute. The 
president then presented to M. J. H. Le Sueur her Majesty's 
gold medal, and said that the Institute had g^reat pleasure in 
recording the name of that gentleman among its most illustrious 
members. 

The Austrian Engineer^ Union, — ^Two prizes are offered for 
the ensuing year, one of 400 German dols., and .a second of 
200 dpls., for a hutorical and theoretical account of the latest 
roofs of wood ana iron, beginning at 8 &thoms, up to the largest 
accomplished width of span. Two other prizes of like amount 
are offered for a historical, statistical, and critical account of the 
ap)>aratus and means used for greasing railway carriages. Com- 
petitors for these prizes must send in their contributions before 
the end of October 1862. Persons wishing to compete for 
these prizes should apply for' prize lists to the Ingenieur-Ver^, 
Vienna. 

OiffanPs Injector, — ^The principle of Giffiurd's Injector appears 
to have been known upwards of a century ago. In 1763, Bichard 
Savery, of Birmingham, published a book in which he gave a 
plan and description of an apparatus for raising water by steam. 
A conical nozzle, discharging a jet of steam, was shown within 
another similar nozzle, as in the Injector, the water being thua 
drawn up through and discharged from the annular passage. 
Among other copies of Saver/s book, one is now preiarved at 
Messrs. Elkington and Mason's, of Birmingham. 

India-rubber and Gutta-percha Cables fir Teleyraphie Wires, — 
Seven manufacturers having furnished Prof. Wheatstone with a 
sample of their coated cables, and he having carefully tested each 
separately, the professor records — " 1. That india-rubber sur- 
paisses all other materials in the smallness of the amount of its 
inductive discharge, and the perfectness of its insulation. 2. A 
coating of india-rubber is fully equal to a gutta-percha coating of 
double its thickness." He further says — " Messrs. Silver's india- 
rubber maintains an insulation almost perfect up to 92® Fahr., 
whilst gutta-percha is very considerably affected. Silver's india- 
rubber retains its high insulation with little or no change, and 
preserves nearly the same amount of discharge from 32® to 16d^ 
Fahr." 

The New Houses of Parliament — A report has been issued by 
the Boyal Commission appointed in 1841 to inquire whether ad- 
vantage might not be taken of the rebuilding of the Palace of 
Westminster for promoting and encouraging the fine arts. With 
regard to paintings, the commissioners have found that under 
existing conditions of lighting, oil pictures prove altogether unfit 
for the purpose; and they have therefore restricted the works 
now in progress to fresco or to the water-glass process practised 
in Germany. With regard to statues, a committee consisting of 
the Prince Consort and Lords Stanhope and Llanover have re- 
commended in addition to Gibson's marble statue of her Majesty, 
already completed for the Prince's Chamber, a series of thirty- 
seven, comprising Edward the Confessor, Harold, and then from 
William the Conqueror downwards; twenty on the landing- 
places to be of metal, the other seventeen of white marble; and 
they recommend that Mr. W. Theed be invited to undertake two 
of the latter (William IV. and George IV.), and Mr. T. Thorny- 
croft other two (Charles I. and James I.) at ^800 each. Accord- 
ingly the report proposes that the vote this year be ^3200, 
instead of the usual ^£4000, for the balances of former grants in 
hand for payment of works in painting are in advance of thoee 
works. 

New German Church. — ^The foundation stone of a new GemiMi 
Evangelical Church was laid, on the 27th ult., in Hatton-street, 
Islington. The design is by Mr. T. W. Constantine, archi{ect. 
London. There were seven competitors. The edifice in intended 
to accommodate between 300 and 400 persons.. 
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THE EMBANKMENT OF THE THAMES. 

At a recent meeting of the commissioners the chairman stated 
that they had arrived at the opinion that at Hungerford the em- 
bankment should be filled up solid from the present shore, 
and should extend to the pier of the bridge, having a projec- 
tion of about 300 feet; and that at Blackfriara it should project 
130 feet from the ezistinff abutment of the bridge, with access 
for barges to the wharves behind it The designs submitted for 
the new Blackfriars-bridge would have to be prepared in accor- 
dance with the contemplated position of the emnankment. 

Probably few persons are aware of the great extent to 
which encroachments have been made on the nver, and of the 
urgent necessity which there consequently exists for some com- 
prehensive scheme which shidl at once and for ever bound the 
river with a uniform shore. Mr. Page, in the course of his 
evidence before the commissioners, presented a copy of a plan of 
the Thames as it existed in the seventeenth century, from which 
it appeared that since that period the following aqiong other 
encroachments had been made: — 

The embankment made in 1767, in connection with the Black- 
friars-bridge, 2560 feet in length, advanced into the river to an 
extent, at ^hitefriars-dook, of 200 feet; the embankment in front 
of Arundel house and gardens. 700 feet in length, advanced 
60 feet into the river; the embankments for the present Somerset- 
house and Savoy, making an aggregate lengtn of 950 feet, ad- 
vanced into the river from 50 to 110 feet The embankment for 
the Adelphi in 1770, a length of 800 feet, projected from 90 to 
120 feet The embankment for Hungerfoid-market Wharf, 
230 feet in length, projected 140 feet. The embankment at 
Scotland-yard and Fife-house, 340 feet in length, projected from 
30 to 100 feet The embankments at Whitehall-gardens and the 
Old Bowling-green, 850 feet in length, projected from 60 feet to 
100 feet The embankment for old Westminster-bridge, and 
parts adjacent, 500 feet in length, projected from 30 to 100 feet; 
and lastly, the embankment in front of the old Houses of Par- 
liament, 1030 feet in length, projected from 70 to 150 feet; 
while the recent embankment for the present Houses of Parlia- 
ment, nearly 900 feet in length, projects before the last line from 
80 to 100 feet. 

In our present number illustrations of several of the designs 
submitted are inserted, with descriptions in the maioritv of 
instances in the authors* own words, of nearly the whole of the 
various schemes. It will be seen by reference to our volume of 
1844, to which we alluded last month, that while those schemes 
which propose an extension of the present shore may be con- 
sidered as modifications of the plan proposed by Mr. Walker; 
those on the other hand which show detached embankments, are 
variations of the design first proposed in 1843 by Mr. Page. 

The sections of the various designs are all to a uniform scale 
of 32 feet to an inch, and the whole will we think form an inte- 
resting and useful collection of the ideas which have been sug- 
gested on the subject. 

Design by Mr, Thomtu Page, M.I.C.E. 

The plan laid before the commissioners bv Mr. Page is nearly 
the same as was approved by her Majesty's Commissioners for 
Metropolitan Improvements in 1844, of which commission the 
present Duke of Newcastle was president The modifications 
consist in increasing the width of the carriageway and foot- 
ways. The principle on which it is based is the accommoda- 
tion of the interests of the wharfingers with the desiderata for 
a public carriageway, promenade, railway, and low-level sewer; 
and also with the interests of the river as a port, which last 
consideration should have due weight in the present inquiry. 
It is evident that the plans for a solid embankment would 
involve such an amount of intei-ference with the various wharves 
as would render it necessary to purchase most of the property 
at an enormous expense, while the conversion of so much water 
area into land bv obstructing the free flow of the fiood-tide, 
would pY^judicially affect the scour of the river m the Pool. 

All considerations lead to the conclusion that a detached em- 
bankment would be the best adapted to the various interests 
above mentioned. The plan comprises an embankment from 
Westminster-bridge to Blackfriars-bridge, on the line approved 
by the royal commissioners in 1844. At Westminster-bnage the 
line of the embankment would accord with the abutment of the 
new bridge, and the terrace of the Houses of Parliament Be- 
tween Westminster-bridge and Scotland-yard, the public prome- 



nade, 30 feet wide, would occupy the front of the embankment as 
far as Whitehall-palace, where the carriage traffic would enter, 
being carried across the side channel or tidal-dock to the main 
line of the embankmenty 70 feet wide, on which it will run by 
a viaduct, so as least to interfere with the wharfinffers. 

It is proposed to fill the embankment up solid between West- 
minster-briage and the north end of Whitehall-gardens, which 
would afford between Westminster-bridge and Bicnmond-terrace 
a valuable site for building purposes and low-level railway- 
station; and between Bichmond-terrace and Whitehall-gardens, 
a space admirably adapted to the recreation of the public in the 
shape of pleasure-garaens. (See illustration, Plate XX.) The 
carriageway would commence at Whitehall-place, and extend 
thence to Blackfriars-bridge, on an embankment 70 feet wide, 
and at a level of 12 feet above Trinity high-water, passing 
under the second arch of Waterloo bridge to a point opposite 
Norfolk-street, where a junction would m formed with a com- 
munication to the Strand. The roadway would then gradually 
descend to a level of 5 feet above Trinity high-water, at which 
level it would pass in front of Temple-gardens, and leaving the 
river-line pass along a broad road in a diagonal direction to 
Tudor-street; by which means that portion of the traffic not re- 
quiring to go to Blackfriars-bridge would avoid the ascent which 
would be otherwise necessary, and the crowding and confusion 
from too ffreat a concentration of traffic would be obviated. 

From the point of junction at the east end of Temple-gardens 
with the proposed street to Blackfriars-bridge, the direct line of 
the embankment is continued by a viaduct of the reduced width 
of 50 feet (the traffic being lighter over this portion), and with 
spans of about 50 feet, rising at a gradual inclination of 2^ per 
cent to Chatham-place, 19 feet above Trinity datum. Free 
access is thus given to the barffes onloadinff at the City Gas 
Works. As observed by Mr. rage in evidence, the viaduct 
could be carried out as far as Southwark or London bridges on 
a high level, without damaging or interfering with the wharf 
property in that locality. 

The side channel or tidal-dock would extend from Whitehall- 
gardens to the Temple, having five entrances with a headway of 
9 ft. at high-water, and 18 ft. at half-tide, for the accommodation 
of the barges, which would obviate the necessity of swing- bridjges. 

It is proposed to carry the low-level sewer along the fore- 
shore between the wharves and embankment, to avoid the 
expense, delay, and risk to property, in constructing it under the 
Strand and Fleet-street Mr. Page in his evidence before the 
commission stated that nothing could be more simple and easy 
than to provide for and construct the sewer, as proposed by 
him, quite distinct from the embankment, in the foreshore of 
the river between the wharves and the embankment 

To execute the work in the least time and at the least expense, 
Mr. Page suggests that the lower half of the circle should be 
formed of concrete made with Portland cement and gravel: that 
the excavation being formed with sloped sides, a semicircular 
iron mould should t^ slung and fixed at the proper height, of a 
diameter 18 inches mater than the finished sewer, to allow of a 
lining of very hard bricks. This mould or inverted centre being 
in place, the concrete would be shot in on both sides, and the 
lower half of the structure rapidly completed, the 9-inch lining 
formed, and the remainder of the sewer, the sides and orowu 
above the centre, built in brickwork. Mr. Page considers that 
this mode of proceeding possesses very great advantages, as it 
would not be required to pump out the water as for brickwork; 
it would be done with great rapidity, and an excellent and eco- 
nomical sewer would he secured along the shore of the river. 
The whole could be so arranged that the excavation for one 
length of sewer could be filled in immedUtely over the crown of 
a previous length. Mr. Page remarked that the adoption of 
this construction in considerable lengths of the great sewer 
works under the Metropolitan Board of Works, would be at- 
tended with a great saving of expense compared with the cost 
of brickwork. 

The distance of the sewer from the shore in this desiffu would 
probably vary; it would be brought much nearer the wharves if 
a railway were not formed. In reply to a question, Mr. Page 
stated before the commission that whether the invert of the sewer 
be constructed of brickwork or concrete, the ground would be 
equally pressed upon; but there would be soft places here and 
there, i^nd in such places he would fill up with a certain depth 
of concrete. And further: that whether the sewer is made as 
proposed by him or whether it is made under the embankment, 
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the gronnd would be e<}tially firm or equally loose — the em- 
bankment would not assist the support of the invert; it would 
only assist the support of the sides of the sewer. When the 
sewer is made, of course if the ground is soft it would be 
piled, or excavated deep and filled up with concrete, depending 
upon the nature of the ground. Mr. Page went on to say that 
the same operation must be perfoimed if the sower is made in 
the embankment; and if it is made in the embankment more 
water would have to be contended against, that is, the works of 
the sewer would not be so soon out of the water as they would 
be if the sewer were made near the wharves. Taking into con- 
sideration the question of the foundation of the sewer, and sup- 
posing — which is a certainty — ^that whether the sewer is near 
the wharves or in the line of the embankment, the ground on 
which it rests must be either solid or solidified, the only ad- 
vantage in pladnfif the sewer in the embankment is that so 
much support is obtained against lateral pressure, and that sup- 
port can be very easily secuied by increasing the thickness of 
the concrete in which it is proposed to imbed it. If the sewer 
were in the embankment there would be a deeper shaft or greater 
depth of ground to pass through to reach it in case of repairs. 
Mr. Page proceeded to explain that any pressure on the sewer 
could he withstood by increasing the thickness of the conci*ete 
round it. It is proposed that the sewer should commence by a 
junction with the victoria sewer at Scotland-yard, and be earned 
down to Queenhithe to join the great low-level sewer as proposed 
by Mr. Bazalgette. 

Design bjf Mr. Bazalgette, MJ.C.E, 

The design now laid by Mr. Bazalgette before the Boyal 
Commission is the same or nearly so with that which, in con- 
junction with Mr. Hemans, he brought before the Parliamentary 
Committee last year, but onring to the passing of the London, 
Chatham, and Dover Eailway Bill last session, and in cocse- 
q^uence of a more minute inouiry into the value of the river- 
side property, he has been inauoed to offer to the consideration 
of the commissioners some modifications of his previous scheme 
as alternative propositions. 
^ The scheme comprises a river-wall on both sides of the river, 

on the north side from Westminster-bridge to Queenhithe, and 
on the south side from Westminster-bridge to Hibernia-wharf, 
London-bridge; that on the north side with or without docks, 
in front of existing wharves, according to circumstances here- 
after described, and that on the south side being filled in solid. 
The embankment on the north side carries a roadway 100 feet 
in width, which extends from Westminster-bridge to Queenhithe 
on the embankment; and is thence proposed to be continued 
of a reduced width of 60 feet, in a uorUi-easterly direction to 
Cannon-street and the Bank. The low-level sewer is to be con- 
structed within the embankment and along the proposed new 
street to Cannon-street, and along Cannon-«treet to the pumping- 
station at Abbey Mills. 

The embankment wall is proposed to be constructed on both 
sides up to a level of 4 ft. above t.h.w.m., and is to be composed 
of cast-iron piliug and plates with concrete backing (see illustra- 
tion, PI. XX.) Its encroachment into the river on the north side 
is indicated by a line passing from the abutment of Westminster- 
bridge close behind the north pier of Hungerford-bridge, and the 
second pier of Waterloo-bridge, and terminating at the firat 
arch of clackfriars-bridge, or continued behind the second pier 
of Blackfriai-s-bridge to the east side of Queeuhithe-dock. On 
the south side a line representing the face of the wall would 
pass from the south abutment of Westminster-bridge, midway 
between the southern pier and the abutment at Hungerford, 
close behind the first pier of Waterloo, and onwards to the abut- 
ments of Blackfriars and South war k bridges, and eventually 
would meet the new wall of Hibernia-wharf at London-bridge. 
The width of the river is thus reduced between Hangerford and 
Waterloo bridges from about 1400 to 86D feet, the narrowest 
part of the river at present between Southwark and London 
orid^es being only about 660 feet in width. To make up for the 
deficiency of tidal-water caused by this reduction in the width 
of the river, as also with the object of improving the navigable 
channel ^f river it is proposed to dredge the bed so as to obtain 
a minimum depth of 5 feet below low-water level. 

If docks be constructed to accommodate the existing trade, it 
is proposed to form ^ve docks for the water-side traffic (see plan), 
designated after their localities, as the Westminster, Hungerfbrd, 
Temple, Whitefriars, and Blackfriars docks, and occupying in all 
21 acres; the intermediate portions of solid embankment amount 



to 15 acres exdumve of that part devoted to the roadway, which 
covers 20 acres more. Ten entrances in all are proposed for the 
docks, with headwavs varying from 8 to 18 feet above Trinity 
high-water, the level of the sills being restricted b^ the sewer to 
14 feet below Trinity, a level which will leave a minimum depth 
of 6 feet of water on the sill two hours before and after high- 
water, during which period barges will be able to leave or enter 
the docks. The entrances will be closed by tidal-gates, so as to 
leave at all times a minimum depth of 6 feet of water in the 
docks, thus enabling the craft to be moved about within the 
docks at all times. 

The roadway, 100 feet in width, starting from the level of 
Westmiuster-bridffe, descends at a gradient of 1 in 60 to the 
level of the embankment-wall, 4 feet above Trinity high-water, at 
which level it is continued in front of Privy-gardens, rising a^n 
at a fi^adient of 1 in 60 from a point west of Hunfferfoid-bndge 
whicn it |>a8se8 under, leaving a headwav of 16 feet, and then 
proceeds at the same gradient to a point about midway between 
Hungerford and Waterloo bridges; at this point the 100 feet is 
split into two roads of 40 and 60 feet wide respectively, the for- 
mer being continued at the same gradient, and curved on plan to 
form an approach to Wellington-street; the latter or main road, 
60 feet in width, being continued at a descending gradient of 
1 in 83 to pass under Waterloo-bridge, leaving there a headway 
of 16 feet, and again ascending at a gradient of 1 in 280 to a point 
opposite Arundel-street, where it is met by a 40 feet curved road 
from Wellington-street^ descending at a gradient of 1 in 50. 
From this junction the road is continued of its full width of 
100 feet, at a level of 14^ feet above Trinity high-water, in front 
of the Temple-gardens. It was originally intended to carry the 
roadway over Blackfriars-bridge, with ascending and descending 
gnuiients on either side, but the passing of the Chatham and Dover 
Bailway Bill has rendered this impracticable while the present 
bridge stands, and it is now suggested that if the embankment be 
still extended to Queenhithe, to pass it — the roadway — under the 
bridge, with a descending gradient of 1 in 50, leaving a headway 
of 18 feet under the bridge, a level approach 40 feet wide being 
extended to Chatham-place. On the east side of the bridge, 
the main road of the full width ascends at the same ^adient to 
a level of 17j feet above Trinity high-water, and continues level 
thence to Queenhithe. At this place a 40 feet branch roadway 
would descend at a rate of 1 in 50 to form a junction with 
Thames-street, and a 60 feet main road would ascend at the 
same gradient to pass over Thames-street, and continue on a 
level or nearly so to Cannon-street and thence to the Bank. The 
levels of the roadway generally are so designed as to admit of 
approaches at easy gradients to any of the streets now leading 
from the Strand, and other main thoroughfares to the Thames. 

Where the roadway is elevated above the level of the em- 
bankment-wall it is designed to be carried on brick arches and 
iron girders, supported by iron cylinders resting on the gravel 
below the river bed. The appearance presented towards the 
river is that of a series of elliptical arches springing from octa- 
gonal piers, the whole being of cast-iron and nighly ornamented. 
It is proposed to devote the space beneath the elevated roadway 
to the storage of goods or. any similar purpose in connection 
with the water-side business. It is also proposed to carry out 
projecting landing-stages at intervals, at the same level as the 
roadway, so as to admit of goods being lifted direct out of 
the barges lying in the docks on to the waggons standing on 
the same level as the roadway, thereby avoiding the difficulty 
at present experienced in bringing waggons up the steep 
approaches from the wharves to the Strand. The river-side 
business will be further facilitated by the increased wharfiige 
frontage in the docks, which is in some cases as much as 
quadrupled. 

Owing to the difficulties and uncertainty arising from the 
construction of the bridge for the London, Chatham, and Dover 
Bailway, and the probable reconstruction of Blackfriara-bridge; 
having regard also to the great value of the property east 
of Bl^kfriars-bridge, and the strong objection by thcf parties 
interested in that property to the construction of an embank- 
ment in front of their premises, Mr. Bazalgette has suggested 
an alternative proposition for an embankment-wall terminating 
at Blackfriars-bridge, with a roadway continued to New Cannon- 
street, along Mr. Bunningls proposed route of New Eari-street, 
and extended on to the Bank. In this case he proposes that 
the sewer should leave the river at Blackfriars, and be coa- 
stracted from thence along New £arl-atreet to and along Gannon- 
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street as before. To avoid the silting up which would pro- 
bablj take place in the b&j left oii the eaat side of the bridge, 
if the embaokment were conBtrncted oa the lines previously 
deacribed, Mr Baaalgette purposes in this case to bring the 
emhankment'W.'ilt furmer inland, to range with the fii'st instead 
of the aecond pier of the bridge, ao as to cause the tide to set 
into the bay at Queenhithe ana wash away the mud, 

Mr, Bozalgette baa submitted estimates for these propositions, 
both with docks and also on the assumption that the provision of 
docks be abandoned, the wharf property be bought up, and the re- 
claimed ground tilled in solid between the new and existing river 
walls, Whilat this treatment therefore involves the purchase uf 
the river-aide property and trade, it leaves an area of 32^ acres 
between Westniiuster and Blackfriars bridges, and 3^ acres be- 
tween Black f liars-bridge and Queenhithe, available as building 
ground or for other pui*i>08es. Mr. Bazalgette considers this 
teaaible up to the western side of Black fnars-brtdge, but ini- 
practicable on the eastern side owing to the great vahie of the 
properly on that aide, and the comparalively ani.dl amount of 
land reclaimed. Mr. Baza! getters estimates for his scheme and 
iCa several modifications are as follow; — 

EstimaM for Dejn^n with Doek«, 



yORTS BIBK 



of 



Xroti-5ioed embnnktiiGtii to level 

4 feet above Trinity high* water .., 
Soperstructurey roadwaj, and ap- 

proaches ... 

New street &om Blackfriara to Cau- 

non'Street , 

New street from Queenhithe to Can- 

oon-itreet ,. 

New street from Caouon-at to Bank 
Compeaaation, &c. ... 



SOUTH STOS. 

IrOQ-f&ced eTubankment to level of 
4 ft. above Trinity high- water (from 
Weatmiuflter-br. to Hibemia- wharf ) 



Wcflini Luster bridito 
boBbckfrmn hn^n 

£296,000 

S46,O0O 

550,000 

ai>o,ooo 

64,000 

£1,560,000 

i 201,6OT 



say, 1, 758^000 



Embankment tmm 
Westmtnflor bridge 

£384,000 
461,000 



175,000 
240,000 
105,000 



£1,365,000 
201,500 



htiimaU for D€$%gn /or Solid BmJbanhntnt. 



Bay, 1,567,000 



NORTH aiDE. 



of 



Iron^fiw^d ombankment to level 

4 £bsI above Trinity higU^ water «. 
SupentTQCture, roadway, and ap 

proaohea ... 

New street from BlockMaiB to Can 

DonBtreet ,.. 
New street from Queenhithe to Can 

non-Btreet 

New Btreet from Cannon-st. to Bank 
Purchase of property. . . 



80t?TH SIDB. 

Iron-faoefl embankment to 4 feet 

Above Trinity high- water (from WeBt- 

miaAter-tiridge to Kiberoia- wharf) 



EmbankiEHMat from 
Westm I niiter bridge 
toBUckfrUra bridge 

£240,700 
346,000 
550,000 



3(i0.oon 

750.000 



Embaukmetit frmn 

Weatminster bfMge 

to QuuCQMthe. 

£306,000 

461.000 



175,000 

240,000 

2,050,000 



aay, 2487,000 
' 201^500 
aay, 2,389,000 say, 3,434,000 



£3,232,000 
201,500 



Duign by Mr, A. M. Rmdei, C,E, 
In this design clocks are provided within the enabankinent, 
having a depth of 1 2 feet at Trinity high -water. Access to them 
is provided by locks approach ed from the river by two large 
Udal-baains, one between Hungerford and Waterloo bridges, the 
other between Waterloo and Black friars bridges. The width of 
the river entrances of theae basins is 340 feet. The roadway of 
the embankment is carried over them by iron arches in one 
single span, allowing a clear headway of 12 feet at Trinity high- 
water, and 30 feet at Trinity low- water. The depth of these 
baains at their jnnctiun^with the river and at the locks is such, 
and the cills of the locks are laid at such a level, that the 
largest billy-boys can pass between the river and docks at any 
time of tide between hi^h-water and dead low- water. Branch 
roads passing along each of the side walls of the basins and over 
the locks, at^rd four communications with the Strand and Fleet- 
street by means of streets already existing, 

Tbe embankment passes under all the bridges (except West- 
Dainster. which it joins), at a level of 6 feet above Trinity high- 
water^ but rises to 15 feet above that datum at the tidal-basins. 
It finally forms a junction with the intended new Earl~street> to 



the eastward of the London, Chatham, and Dover Bailway 
bridge. It affonls a roadway 90 feet in clear width, with a 
towing-path on the inside, as shown in the illustration, PL XX, 
The emltaukment is continued beyond the road to near Queen- 
hithe with a width of 30 feet, and incloses another dock ap- 
proached by a lock at its extremity, The low-level aewer is 
carrial under the docks in 6-feet caat-in>n pipes, fitted together 
with bored and turned enda and laid without alteration of the 
levels determined on for it It crosses the basins cloae under 
the wharves at their inner ends, so as not to interfere with the 
depth of water in them. The river-wall of tbe embankment is 

?ropo«ed to be foundetl at an average depth of 33 feet below 
rinity high-water, on the clay. The part lying below low-water 
would be constructed of blocka of concrete or brickwork, weigh- 
ing from 20 to 30 tons, laid in mortar-beds, but dry -jointed, 
from overhead gantries, with the assistance of tlivers, in a mau- 
ner similar to that adopted with perfect success for the construc- 
tion of the hemls of the Portland breakwater by the late Mr. 
RendeL A little clay backing would make this work quite 
water-tight. Above low-water the wall would be built in th©> 
usual manner of brick faced with granite and blue bricks. The 
estimate of the cost of the works of the above plan, prepared on 
very careful data, is £630,000, 

Design bt/ Mr, Fowler, Mr. Fulton^ and Mr, llemans. 
Thit* design comprises a solid embankment with a roadway 80 ft 
wide and footway 28 ft. next the river, and a railway between it 
and the present shore. The space between the road and railway 
— and therest of the embankment, except where space is resei-ved 
for docks — woald be planted. Docks are provided within the em- 
bankment at the following places,— One at Hungerford, having 
an area of 5 acres; one at Norfolk-street, with an area of li acre; 
and one at Whitefriars, with an area of I acre. Entrances lo 
the docks wool"! be formed below the embankment and railway, 
the headway ranging from 17 feet at the highest to 10 ft 9 in. at 
the lowest point. The embankment would commence at West- 
minster-bridge and terminate at Blackfriars. The road would be 
connected at Chatham-place with the proposed new street from 
Cannon-sti-eet, and Ihe ntil way would join tlie London, Chatham, 
and Dover Railway at New Bridge-street The area of ground 
reclaimed from the river by this plan is about 49 j acres; and 
the estimated cost, exclusive of comf>ensation, is ,£700,000. 

Deiign hy Mr. Bidder, Mr, T, E, Harritmi, &; Mr. G, R, Stephenson, 
This design cunsiats of a broad embankment carried out 
from the existing shore, with docks occupying several acres, 
»pp roach eti by i^gular looks, and witliin the line of the embank- 
nient aud the existing shore. The additional breadth of ground 
would be applied lo the building of warehouses, the frontages 
and rents of which would go in aid to carry out the works. 
There would be tramways parallel with the ordinary i^oads on 
the surface of the embankment, communicating with all the 
priucijml thoroughfares. There would also be combined with 
the embankment a low-level sewer. It is proposed to utilise the 
land i^claimed^ to meet the expenditure, the eoiiBtructiou of docks, 
and compensation to wharfingers. 

Design by Mr. H. IF. Sick, 

It is proposed to build a river- wall of brickwork with granite 
coping, extending from Vaaxhall or Westminster to South wark- 
hridge, of the height of 2 to 3 feet above Trinity high-water, as 
shown in the illustration, Plate XX. Between this wall and 
the shore there would be an embankment, the height of the 
wall, and generally about 100 feet wide, and over this a aeries of 
brick piers, 60 feet apart, would support wrouffht-iron plate 
girders carrying a road 60 feet wide. Tliis road would start 
from Westminster-bridge, pass under Hungerford, and rise to 
Waterloo-bridge, It would then descend so as to pass under 
the first arch of Black friars-bridge, and thence rise to South- 
wark-bridge, where it would terminate. 

A series of cross-walls, 25 feet wide, would be placed where 
most convenient, connecting tbe embankment wiih the shores, 
and of the same height as the former. The spaces so incloeed 
would be formed into docks having each a corumunicatiou with 
the river through the embankment; the width of the entrance 
would be 22 feet, guide piles being driven out in the river to 
enable barges to enter more easily. Single gates would be placed 
near the entrance, their sills being about 1 foot above low- water, 
BO as to retain the water within the docks when the barges had 
entered. The cross-walls woold enable the work to be canriotl 
on in sections, serve aa a communication between the shore and 
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tbe river at all times of the tide, and be usefol for loading and 
UDloading the barges in tbe docks. 

Tbe coDBtrtiction would be <»rried on as follows: — Oatside 
the site of the river- wall part of a ooffer-dam would be formed, 
aad one or two cross- walla, as the case might be^ run out 
to meet it. These would be formed by rows of iron-piling 
and sbeet-piliug 26 feet apart, 2 feet of concrete being put be- 
hind the piling next the water, and the remaining space between 
tbe piles filled in with ballast. The iron-piles not intended to 
be penoanent would be formed with on© flange of the groove 
for the sheet-pile screwed on, and as they would not require to 
be driven to any greut depth the flange might be removed when 
that section of the river- wall was completed, the plates removed, 
and the piles drawn and again used; the same would be done 
with the in side row of pOes for the coffer-dam, but theBe last 
would be of wood, sawn in half, with a flange screwed on as 
above for the sbeet-piles between them, tlie hoops of the piles 
being removed and an iron wedge driven to tighten up the 
sheet-piles sufficiently to retain the puddle. The wooden-piles 
would be afterwards cut ofl*, the ground excavated 2 feet between 
the rows, and concrete substituted to protect the wall against scoun 

The low-level sewer would pass inside all the docks, and 
wotdd be constructed in sections at the same time as tbe rest 
of the work. Where the sewer passes under the cross- walls, a 
brick- wall would be substituted above it for the iron-piling, to 
retain the filling. 

Design by Mr. WiUiam BardweU. 

The embankment as proposed by Mn Bardwell would ex* 
tend from Bridge-street, Westminster, to Cannon-street, City; 
would be at least 100 feet wide, raised from two to three feet 
above high-water mark; with tramways, but no railroad, and 
without any buildings upon it. The embankment would pass 
beneath the bridges, and have lateral communications with the 
river-side streets on the one side, and spacious atairsand landing- 
places for steamboats. Tidal basins and spaces planted with trees 
would be provided within the embankment. The planted spaces, 
cnataining an area of about 12 acres, would be formed in front 
of tbe Temple and Privy gardens, Someraet-house, and along the 
south end of Surrey, ^ojfolk, and Arundel streets. The tidal 
b/isins would be about 18 acres in extent. The estitmite for 
c^irr>nog out the whole, in the moat substantial manner, is 
i450,000. (See illustration, Plate XX,) 

DcMtgn by Mr, A. DouU, AJ£ E. 

In this design a solid embjinkment is proposed from West* 
minster-bridge to Huugerfbrd railway-bridge, as shown in the 
illustration, Plate XX., carried abotit' 4 feet above Trinity high- 
water. About 3<J feet broad of this embankment to be appro- 
priated as a public promenade, and tbe reclaimed ground to be 
added to the adjoining gardens. From Hungprford railway- 
bridge the solid embankment would be continued at the same 
heght above Trinity high- water until within a sh^jrt distance 
from QueBnhithe, where the roadway would be placed upon piles 
to admit barges to the wharf where the space is much limited. 
The lower roadway would also be continued from Hungerford 
through Sootland-yardj and thus a lowdevel road for heavy traffic 
principally connected with the wharves would be formed from 
Upper Thames-street to Cbaring-cross. 

There wonkl be oj:>enings in the embankment, with gates to 
retain the watsr in the docks when de&irable, and also swjug- 
bridgea over these entrances to admit straw-barges or craft with 
masts, but as tbe bridges could be raise*:! some di^taljce above 
the embankment there would be 5 feet clear headway above the 
highest point of spriog-tides, which would admit coal-barges and 
all barges similarly laden without disturbing the bridges; and 
under no circumstances would it l)e necesniary to open the bridges 
unless during one hour and a half before and the same lime 
after high-water, and thid would admit of an uninterrupted 
good level road from Upper Thamea-9ti*eet to Charing-cross 
during nine hours tmt of ever)^ twelve, also connecting with any 
of the adjoining streets where the levels would suit This it is 
presumed would be a great boon to the wharfingera, and if ad- 
ditionnl wharfage accommodation ahoald at any future time be 
necessary, jetties could be thrown out from the inside of the 
embankment. 

A high-level road is proposed, commencing at Whiteball-pilace, 
passing under the rail way- bridge at Hungerford, and then rising 
t/> the level of Waterloo- bridge, and continued to the level of 
3lackfriar8 and South wjirk bridges, and terminating on the level 
* Jjon don- bridge. This roadway would be supported for the 



whole distance on cast-iron columns, placed about 80 or 100 feet 
apart. From Queenhithe to London-bridge the columns would 
be placed ia the water so that neither the flow of the stream 
nor the acoeis to the wharves would be interfered with. The 
upper roadway would be constructed in the first instance of a 
width to take four lines of light traffic, with a 12-feet footpath on 
the side nearest the river, and could easily be increased in width 
at any future period when an increase of traffic might require it 

The low-level sewer would be placed in the embankment or 
in a cast-iron pipe along the foreshore, where it would be suffi- 
ciently under the surface to guard against injury. 

The foundation of the embank men t*wall is proposed to be 
formed thus,— Caat- iron sheet-piiliDg, 10 or 12 feet long, 2 or 
3 feet broiid^ and about 2 inches thick, strengthened by ribsi, 
would bo driven down to the level of low water spring- tides, 
and but for the construction of the intercepting sewer this would 
be the level of the sill of the dock-en trancea. Inside the sheet- 
piling the ground would be excavated to a depth of 4 or 5 feet 
uelow the lop of said piles, so that the foundation of the em- 
bankment would be placed lower than the bottom of the riv^er 
outside the piles. Concrete in blocks, lowered into position from 
a travelling-platform, would fill the excavated space to within 
6 inches of the head of the piles. This would be surmounted by 
a course of blocks of stone about 4 feet high, and bringing the 
work about 3 ft 6 in, above low-water. Should bricks be U8#d 
for the facing of the wall, they would be built in cement in large 
blocks and lowered into position in the same manner as the 
blocks of concrete refeiTed to. This mode of building in block 
courses could be continued until the work was sufficiently out 
of water to be carried on more advantageously by tide-work, 
By this mode of construction the work could be carried on 
rapidly and economically, without coffer-dams. Estimate, in- 
cluding sewer, £502,000, 

Design by Mr. I. F. Stanford, 

The author proposes an embankment for both sides of the 
Thames from Millbank to St. PauPs-wharf, with a promenade, 
carriageway, wharves, docks, and railway. Tanks are provided 
for sluicing the shores in the docks. The aewer is constructed 
in the embankment^ with access to it at intervals from the wharf- 
way (see illustration^ Plate XX.) The manner of providing for 
the sluicing of the docks is by having tanks in the wharves, with 
wharf ways in the embankment, also wharf ways between the 
docks and at the ends thereof, so constructed with rt^gard ta 
height that they will be filled when the tide rises through the 
medium of an iron pipe, about 4 or 5 inches in diameter, with a 
self-acting valve at the inner end. And the supply from such 
tanks is proposed to be through a pipe passing from or near 
to the bottom of such tankn, down or within the face of the 
wharf or inner side of the pmbankmeDts, to within about 3 feet 
of the bottom of such docks, and applietl through the medium of a 
Jiose affixed by screwing it to the end of such pipe* Thus the 
sluicing would be performed without expense, very simply, and 
would require no «kill in the operator. 

Design hg Mr. H. G. Coombi, 

This consists of an embankment adjoining the present shore, and 
extending from Westminster to Tower-stfiirs, the low-level sewer 
being formed in itj and a roadway reaching irom Westminster- 
bridge to Ijondon-bridge, and eomniuuicating with the several 
bridges in its transit, being formed on it. The embankment 
would commence at Westminster-bridge, on a line with the em- 
bankment wall of tlie Houses of Parliament, and proceed by an 
easy curve until it arrived at Waterloo- bridge, where it would 
merge into the present embankment of Soniei-set-liotise, Recom- 
mencing again nt the east end of the Someraet-bouse embankment 
it would continue on its course to London-bridge, hiiving an 
average width of 43 feet, forming an extension of the present 
wharfage on the bed of the river to that amount: from London- 
bridge to Tower-Rtaii-a it would be reduced to 15 feet in width, or 
merely of sufficient capacity to coutain within it the constniction 
of the sewer, which would here be turned inland, and be carried 
along Mint-street directly to its destination. Between Whitehall- 
stairs and Waterloo-bridge a dock would be formed between the 
embankment and the existing shore, and extending between 
these two points, having at its widest part a width of about 300 
feet The roadway would run on the embankment from West^ 
minster-bridge to Whiteh all-stairs, and from thence would riao 
gradually and be carried on iron columns above it. the spac^e 
below the roadway atfording access to the river and wharfage to 
the owners of property along the route- 
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De9ign by Mr. ff. R, A^ewton. 

From talf-way between Bkckfriara aud Sonthwark brnlges 
to the Horse-ferry at Lambeth, a viarliict or causeway t^ouKI be 
placed on both sides of the river, 7nO feet apart, 'this being 
the width of the river at the uarroweat parts — ^\iz. at South- 
wark-bridge and above the Horaefern*, I*ambeth. The viaducta 
would be 6C* feet broad if without, and IW feet if with, houses. 
The piei-s of causeway varying from -20 feet from centre to centre 
to as much as (under roadway ouly) 50 or 60 feet, and this merely 
at certain points for special reasons. By running a construction 
(in which the intercepting low level main aewer could be jilaced) 
tlirough the causeway, and keeping the crown of it 7 feet or 
Any otber depth below Trinity high-water mark (ao as ordinarily 
to allow barges to paaa over at the openings at that period of 
the tide), the water on the bank sides would not fall away below 
that point, while for the regular variation of high-tide special 
openings would also be fonned, being in fact the ordinary en- 
iranoes for large craft. The roadway (the same height as West- 
minster and present Blackfriars bridges, to be level throughout, 
except at Waterloo-bridge, where it would go up an incline. 
Declines however are suggested in addition to pass under these 
bridges, 80 as to prevent the crosa-ttaffic from impelling the 
thoroughfares. No communication except by staircases are ne- 
cessary with new Hnogerford -bridge, it being' for the public only 
a foot-bridge. The additional conatruclion on which the build- 
iogs would stand could be built at any time, as the roadway 
portion of the viaduct and the sewer under it is suggested to 
meet the embankment question; and by not touching the exist- 
ing shores except at the terraiuala, or any point where com- 
munication mignt be required between them and the embank- 
ment, and at the bridges, the river-side pro|>erty would not be 
interfered with, with the advantage of a canal, the water of 
which would be changed every tide. On can-yiug ont the pro- 
vision for build in ga, it would convert the embankment into a 
government estate of the greatest immediate and prospective 
value; and at the same time, as a natural consequence, ana with- 
out costliness or extravagance, would afford an opportunity of, 
the highest artistic impoi'tance. The author declined to give 
his eetimato of the coet of carrying out his design, in conse- 
quence of the chaiouaD of the comraissioli having iuformet! 
nim that his scheme, although very elaborate and beautiful, 
scarcely came within the scope of their instruetiona. 
Design by Capt W, S. Moor^^Gm, MJ.C.E. 

This design consists of an embankment along the present 
shore, Inclosmg a large sub-tramway or tunnel, with a aubway 
for the sewer in the bottom part of the tunnel, the double tram- 
way occupjring all the other pfirt of it Along the top of the 
emlmnkment the space next the river would be avaUable for 
wharfage, having inside it a wide macadamised roaiiway, and 
also — ^Dext to the warehouses or buildinga — a public footway. 
The embaukmeut would extend from Westminster bridge to 
Queenhithe, reclaiming space from the river, varying at places 
iioDg the line from an extreme width of 150 feet to a minimum 
of 80 feet, available for roadway, footpaths, or promenades, 
public buildings, wharves, and private accommodation. The 
aatimated cost of carrying out the plan ia £588,562; against 
which Capt Moorsom estimates the receipts to arise from the sale 
of reclaimed land and frontages at about £6(X),000, exclusive of 
j550,OCK) to be contributed by the Metropolitan Board of Works. 
Design fry Mr. J. Seweli, AJ.CJS. 

This plan purposes to provide an embaakment below high- 
water (which may be called a low-level embankment), for sewago, 
gaa, or other mains, and a railway — all by private enterprise. 
Afl a consideration for the use of the foreshore, a railway com- 
pany to provide a bank 5, 6, or 7 feet above low-water, laying 
down a cast-iron main to form the channel boundary of the 
foreshore; the ajmce within to the wharves to be filled up by 
ffravel dredged from the shoak in the river; and the bank to 
be completed by tlie usual sheet piling on the channel side of 
the main. The author states that this bank would have ample 
water way over it to the wharves, be cheaply made, easily kept, 
and water, gas, or sewage drains be more readily got at during 
low-water than street mains. The sewer would be laid to tho 
natural fall of Uio river, and have a tidal door at each end, so 
that it might be flushed by each ebbing- tide. The sewer might 
be continued below London-bridge in a low-level bank down the 
river, which would at the same time form a bed for craft and 
improve the foreshore, Mr. Sewell is of opinion that so long as 
the scouring power of the tide ia available to clear the mains, 



neither their dip to pass dock-entrances, nor their form, nor the 
route, whether by the river or by a shorter way, is material, 
provided that the mains emerge into the river at the points 
chosen for their separate discharge therein. On the south side 
of the river is proposed a similar low-level bank to that described 
for the north aide. The railway and low-level embankment 
would commence at the city side of London-bridge, and proceed 
by or near the low- water line, on that side of the river, under 
all the street and railway bridges, to form junctions with the 
Crystal Falac© line near Pimlico, and the West Loudon line at 
King's-road, near Fulhara. The length of the line w^ould bo 
about Gh miles. The routo has been selected, not as the shortest 
one, but as one that will give the utmost accommodation to 
both aides of the river. Opposite the wharves the line to bo 
erected on iron columns of suflicient height to enable barges to 
pjiss underneath it to the wharves, at any available state of the 
tide, but opposite the Houses of Parliament and other places 
on banks or arches^ as the architecture of the places may re- 
quire. The line would be at from 100 to 220 feet from the 
wharves, and the supporting columns of the railway be no 
more in the way than the present piles, which divide a number 
of wharves: the eiisting waterways of the wharfingers and 
others would be preserved with the same freedom as now, whilst 
the embankment would make an excellent bed for craft during 
low-water. 

Design by Mr. T. E, Welier. 

The embankment commences in a line with the Houses of Par- 
liament and ends near Queenhithe, with tidal or floating docks 
behind, and a viaduct 12 feet high on the embankment, from 
Whitehall-place to Broken-wharf Thence it would be carried 
upon that projecting quay (across the entrance of Queenhithe) 
to the terminus behind Hambro*-wharf, South war k-bridge, thus 
avoiding any encroach meat upon the narrowest part of the 
river. I-^pon that projecting quay there are only wooden 
sheds for landing gooda under, and the substitution of the 
roof of the viaduct in their place would provide an equal, 
if not bettor sbeltor. Where the emlmnkment becomes too 
narrow to allow of any water- space behind it — between Black- 
friars and Queenhithe — the effect on the wharves in those 
parts would simply be to extend theni further into the river; 
and where desirable to build warehouses close to the edge of a 
whaif the plan allows of such arrangement The upper viaduct 
would commence at Whitehall-place, alongside the lower one, 
and gradually rise high enough to pass on to the top of it a Httlo 
before arriving at Waterloo-bridge: it would then remain upon 
it until approaching Blackfriars-bridge, when it would diverge 
to the north, and land in the angle of Chatham -place. The 
crossing of the London, Chatham, and Dover Hailway at this 
point would pi-event the viaduct passing over the bndge, and 
mdeed it would be almost useless to carry it farther, inasmuch 
as the new diagonal street called New "Earl -street, leading out of 
Cannon-street, will ultimately be continued to Chatham-place, 
and thus complete the line of road from Whitehall-placo into 
the City. But the continuation of the u|ider or railway viaduct 
to South war k-bridge, Mr. Welier considers, would be of immense 
advantage to the trallSc between the City and Westminator. Tho 
low-level sewer would pass easily beneath the embankment; 
and as the sewer is intonded to turn inland at Queenhithe, it 
would part company with its protector just where the latter 
cornea to its end, 

Demgn by Mr. THoe. Tftompton, 

ThiB embankment is proposed to commence at Westminster- 
bridge, in a line with the Houses of Parliament, to follow the 
bend of the river, pass under the railway bridge now constructing 
at Hungerford, under Waterloo-bridge, and in front of Somerset- 
houae and Temple-gardens; thence the roadway gradually to rise 
above the embankment to a suQicient height, adjoining the new 
railway bridge to be constructed at Blackfriars, as to allow of tho 
embankment underneath being used by the wharves between 
that point and London-bridge. The embankment to quit the 
river between Paul's-wharf and South war k-bridge; to keep tho 
present line of the bank at the narrow part of the river; to cross 
on a level the approach to South wark- bridge; to enter the river 
again where it widens shortly below; to continue on and termi- 
nate at London-bridge on a level. The embankment at its com- 
mencement at Westminster would be only a few feet above high- 
water mark, to allow of the various streets now running out of 
Whitehall and the Strand openmg on to it, and also to prevent 
injury to the firat-claaa property already existing, and would 
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continue on that level till its approaoh to Blackfriars. The 
embankment would consist of — Ist) a footway or promenade, at 
least 20 feet wide, adjoining the river; 2nd, a roadway 60 or 70 ft. 
wide; 3rd, a 12-feet pavement: these widths might require some 
alterations on the approach to Blackfriars. It is proposed that 
the ground obtained from the river, where it did not interfere 
with the property alreadv existing or which could not be pur- 
chased, should be used for the erection of public buildings or 
terraces of houses. The cost of the whole of the embankment 
from Westminster to the Temple it is estimated would not exceed 
^180,000. The ground recovered from the river, independent of 
the road between Westminster and the eastern end of Temple- 
gardens, would be about 25 acres in extent. 

Design by Mr. H. H. Bird. 

This design, which was illustrated by numerous and elaborate 
drawings, consisted of an embankment extending from West- 
minster to Queenhithe. There would be a road and railway, the 
latter running from Queenhithe to Hungerford, and thence by 
the end of Manchester-buildings, Parliament-street, and Victoria- 
street, to the Victoria Station of the London and Brighton 
lUilway. Within the embankment docks would be formed, with 
lock-entrances to them. Mr. Bird also proposes the construction 
of a comnensatory dock opposite Battersea church, and one at 
Fulham: oy these means the flow of tidal-water would be in- 
creased, the water-level in the docks within the embankment 
maintained, while by letting out the water occasionally the scour 
of the river could be increased as found desirable. The estimated 
cost of the whole would amount to JF700,000. 
Design by Capt. Vetch, R.E. 

Capt. Vetch proposes embanking the Thames from West- 
minster-bridge to Queenhithe-dock, following nearly the line of 
the plan laid down by Mr. Walker. He states that this is the line 
which would meet the requirements of the Admiralty. The line 
of embankment would take in two arches of Waterloo-bridge 
and one of Blackfriars-bridge. Capt Vetch considers that if 
there were to be an uniform width of the river it would im- 
prove the current When old London-bridge was removed it 
made a difference of 5 feet at Chelsea at low-water, but at high- 
water the tide rose 5 inches more than it had ever done before. 
Design by Mr. R. Turner, C.E. 

This design consists of an embankment with open wharves 
and landing-quay, and a low-level street adjoining the present 
warehouses. Above the embankment there would be a range of 
warehouses in front of the pi*esent wharf buildings, communicating 
by bridges with the existing premises, and the main roadway for 
the throuffh-traffic would be carried above these. The low-level 
sewer is placed in the embankment, and the author also suggests 
that a roadway and railway might be constructed therein in 
tunnels, with vertical shafts for the passage of light and air 
from the wharf level above. The estimated total cost is ;£560,00«). 
See illustration, Plate XX. 

Desi^ by Mr. F. W. Sheilds, M.I.C.E. 

It is proposed in this design to construct a river-wall as an 
embankment face, a little beyond the line of low-water, with a 
solid embankment within it extending to the present shore, as 
shown in the illustration, Plate XX. A road, 80 feet wide, 
is carried on the level along the centre of this space, passing 
under JSungerford and Waterloo bridges, and communicating with 
all the existing streets. A breadth of land is thus left between 
the road and the new face wall, whereof the portions in ft*ont 
of their premises would be given up to the owners of the moi-e 
valuable waterside properties, in order to furnish them a new 
water frontage in place of their present one, which would be 
separated from the river. These properties, whether business 
premises or pleasure-grounds, would thus retain all their present 
advantages, with large additions to their space. 

The less important wharves are proposed by Mr. Sheilds to be 
bought up altogether, as with the reclaimed ground adjoining 
they would form a most valuable property, having frontages to 
the new main road and to the river, the proceeds of which would 
go far to diminish the cost of the undertaking. 

The advantages claimed for this plan are, that while it pro- 
vides an additional great thorough&re, a site for a main sewer, 
and the improvement of the condition of the river, it offers a 
maximum of accommodation to the various private interests con- 
cerned at a minimum of cost By replacing the wharves in 
their natural position next the river, it avoids the construction 
of docks and lock gates, and of the series of arches neoessaiy to 
carry the main road over them; and reduces the work to the 



formation of a simple embankment Should it be desired to 
carry the main road by the side of the river as a promenade, 
this plan admits of it with equal £ftcility. The wharves in this 
case, or at least the less valuable ones along the portion of the 
embankment so treated, would be bought up, and done away 
with; and the reclaimed space within the road mi^ht either m 
laid out as ornamental grounds, or sold as firBt-<£ws building 
land in reduction of the expenses of the work. 

The cost of carrying out this design, exclusive of compensation 
to the owners of private property, is given in detail by the 
author. It amounts to £250,000; and includes the entire com- 
pletion of the face wall, embankment, and sewer, the construction 
of an approach to Waterloo-bridge, the formation of all the new 
roads, and a sum of £20,000 for contingencies. 
Design by Mr. W. Haggett, 

By this plan the eml^kments are kept pretty much the height 
of the present quays, and consequently tne adjoining property 
would not be depreciated in value. The embankments are re- 
commended to be made about 100 feet wide on each side of the • 
river from Millbank to London-bridge, in a series of easy curves 
in the present direction of the river, which would be left about 
600 feet wide. On the north side the embankment would be 
10,200 feet, and on the south 9300 feet in length; and the land 
thus reclaimed, of various widths, would be — on the north, 
1,514,000 square feet, and on the south, 1,117,000 souare feet; 
being together about 60^ acres. Although the outsiae or river 
wall woiud be solid throughout, with landing-steps for boats, it 
is propctsed, instead of filling up, to arch over the residue of the 
space thus acquired for the following purpcMses, and make the 
street and quays over the whole. !m the inner compartment 
against the present frontages would be laid the low-level sewer, 
which may be built at once; and in this space would also be 
placed the gas and water mains, which could at all times be 
examined without injury to the streets above. The next two 
compartments would be used or sold for stores, warehouses, 
and offices, with approaches from the quays or present houses; 
and the outer compartment, which would be sufficient for four 
lines of rails, might be used or sold for railway purposes, to 
take the heavy traffic from the docks and railways in the east 
to the west, so as to relieve the present streets, which could, if 
these the only sites are thus preserved, be carried out by private 
enterprise. The space thus arched over could then be formed 
into new streets and quays, the whole about 100 feet wide. 
Wherever there is wharf property, the quays, 20 feet wide, would 
be ornamentally separated from the streets — which in such places 
would still be 80 feet wide — beneath which the arches would 
be so arranged as not to interfere with the road above, but form 
corridors aud additional stores from the new quays to the present 
buildings, for the owners thereof, and who would then have 
direct railway communication with all parts. In other plaoes the 
entire width would be left open, and any additional land not 
required for the 100-feet street be planted as gardens, or used 
for building purposes hereafter. The clear space which would 
be left under the road and quays, after the river and other walls, 
piers, and works are completed, will amount to about 19,790,900 
cubic feet The approaches from all the present streets would 
be brought down to aud finish on the proposed new roads — thus 
providing an outlet from every part to relieve the present over- 
crowded thoroughfares. The level would be kept so as not to 
injure the adjoining property, which would be the case if the 
streets were raised, as it would then interfere with the frontages. 



SUBMAEINE TELEGRAPHS. 
The joint conmiittee appointed at the close of 1859 by the 
Board of Trade and by the Atlantic Telegraph Company, to 
inquire into the construction of submarine telegraph cables, have 
just made their report, which has been presented to both Houses 
of Parliament, and been printed with the evidence in a volumi- 
nous blue book of 564 pages. The committee consisted of four 
gentlemen appointed by the Board of Trade — viz. Capt Douglas 
Galton, Prof. Wheatstone, Mr. W. Fairbaim, and Mr. Bidder; and 
of the same number appointed by the committee of the Atlantic 
Telegraph Company— viz. Mr. E. Clark, Mr.C.F. Varley, Mr.Lati- 
mer Clark, and Mr. Greo. Saward, — all of them well known as 
civil engineers and electricians. They commenced their labours 
on the 1st of December, 1859, and sat at intervals till the 4th of 
September last; during which period they examined thirty-eight 
witnesses, and in addition to their evidence there is a oopioiis 
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appendix to the report— which oceopies nearly as much space as 
tne evidenoe— containing records of experiments and abstracts 
of various reports relating to the transmission of electricity 
throuffh submarine telegraph cables, and to the insulatora em- 
ployed. The mass of information thus collected, and the opinions 
expressed by so many gentlemen who have been practically 
engaged in the construction and laying of submarine cables, and 
in investigating the mysterious condition of electricity when 
transmitted through submerged wires, cannot fail to produce 
valuable results, and ma^ leaa to the removal of the difficulties 
that obstruct the establishment of submarine telegraphic com- 
munication between distant countries; but at present the evidence 
is too conflicting, and the causes of the retardation of the elec- 
tric current in passing through long submarine cables, are so 
imperfectlv understood, that the principal immediate advantage 
gained is Knowledge of what to avoid. 

Hie report is divided into three ^neral heads — ^under the first 
of which an account is given of the 11,364 miles of submarine 
telegraph cables that have been laid, of which however about 
3000 miles only are in work; the second comprises the construc- 
tion and laying of submarine cables; and under the third head 
the committee give a summary of the principles which they con- 
sider should ffovem submarine telegraph undertakings in future. 
In noticing the Atlantic telegraph, the committee attribute the 
f^nre of the enterprise "to the original design of the cable 
having been fiiulty, owing to the absence of experimental data, 
to the manufacture having been conducted without proper super- 
vision, and to the cable not having been handled after manufac- 
ture with sufficient care.** "We have had before us," say the 
committee, "samples of the bad joints which existed in the cable 
before it was laid; and we cannot but observe that practical 
men ought to have known that the cable was defective, and to 
have been aware of the locality of the defects before it was laid." 
This is a hard blow on all those who were concerned in the 
manipulation of the cable, and it may seem to come with ad- 
ditional force considering that four members of the committee 
were appointed by the Atlantic Telegraph Company, and that 
one of them was secretary to the undertaking. It may be said 
however on the other hand, that as it is the present object of the 
direct Atlantic Company to show that the failure of the cable 
was owing to causes within control, the charge of incompetency 
and neglect is made for chat special purpose. It appears from 
the evidence of the witnesses who were engaged in laying the 
cable and in working it afterwards, that it was in a most defec- 
tive state; and that even whilst laying the cable the electric 
communication was for a short time interrupted, as is supposed 
by the breaking of the conducting wire, and it was only restoi*ed 
by the accidental contact of the broken strand of wires when 
the strain upon the gutta-percha covenng was removed. Even 
in its best condition there was a leakage of nine-tenths of the 
electricity transmitted, owing to defective insulation. One of 
the documents presented to the committee was a complete re- 
cord of the messages sent from Valentia to Newfoundland and 
back during the twenty-three days that the communication was 
open — viz. from the 10th of August to the Ist of September 
inclusive. This curious record was presented, not by the Atlantic 
Telegraph Company, nor by anyone connected with it, but by 
CoL Shaflner, the American telegraphist, the promoter of the 
rival scheme by which it is proposed to connect Europe with 
the new world telegraphically by way of Greenland, Iceland, and 
the Faroe islands. It may be supposed that his object was to 
show the difficulty of transmitting messages through a con- 
tinuous submarine cable of upwards of 2000 miles; and on 
looking at the results of the working on each day there does 
undoubtedly appear to be evidence that, even had the commu- 
nication been continued, the messages transmitted during a day 
could have been very few. It required generally upwaras of a 
minute to transmit one word, and the transmission was continually 
interrupted because the signals could not be underatood. The 
first transmitted word read at Newfoundland was "Atlantic," 
on the fourth day; and on the fifth day the first connected mes- 
sage was received at Valentia. The message from the Queen to 
the President of the United States was sent on the seventh 
day, and from that time the signals improved and continued 
ffood until the twentieth day, on which no signals were received 
from Newfoundland. During that short peri^, when important 
messages on both sides were waiting to be transmitted, the fol- 
lowing communication was received across the Atlantic: "Mos- 
quitos keep biting. This is a funny place to live in— fearfully 



swampy." The operatora appeared at that time to have had no 
apprehension that the means of transmitting information from 
the new world to the old would have been so soon ended. The 
last message sent from Valentia to Newfoundland, of which the 
following is a copy, may be adduced as a striking illustration 
of the uncertainty of human expectations. The words in italics 
were those only that were received: " C W, Field, New York, — 
Pietue inform American government we are now in position to do 
best to forward their government messages to England. Saward, 
Londonf* and the last words received at Valentia were: "Right, 
right!" During the twenty-three days that the communication 
continued, there were transmitted from Valentia to Newfound- 
land 1474 words, and from Newfoundland to Valentia 2885; but 
a great number of those words were ordere to repeat signals and 
directions about working the instruments. 

The committee notice briefly the Bed Sea and other telegraph 
cables which have been laid since the Atlantic, the failures 
which have occurred, and their causes, and thus conclude their 
comments on this part of the subject: — 

*'It will be observed that the failures of all these sabmarine lioeB are 
attributable to defined causes which might have been guarded against. 
It is posiiible that as our experience progresses other causes of failure 
besides those already ascertained may be discovered, but we believe 
there are no difficulties to be encountered in laying submarine cables, 
and maintaining them when laid, which skill and prudence cannot and 
will not overcome." 

In considering the next branch of their subject — ^the construc- 
tion and laying of submarine cables — they pass in review the 
principal plans that have been devised for insulating the con- 
ducting wire and subsequently strengthening it, and they devote 
much attention to what is termed the induction of electricity in 
the insulating covering, which has proved to be the great elec- 
trical difficulty in transmitting signals through submerged wires 
of great length. This peculiar electrical effect was first made 
known in 1854, and it has been a source of annoyance and per- 
plexity in all underground or submarine telegraph wires that 
extend above 100 miles, especially when those instruments are 
used in which the electric current continually passes in the same 
direction. The gutta-percha insulating covering produces the 
same electrical condition as if the wire were an elongated Leydcn 
jar, of which the condu ;ting wire is the inner coating, the gutta- 
percha the non-conducting envelope, and the water in which it is 
immersed the outer coating. A wire in this condition may be 
charged with electricity, and it may retain the charge so as to 
give a shock after its connection with the voltaic battery has 
t)een broken. This condition of the wire is commonly said to be 
produced bv "induction;'* that is to say, the positive or negative 
charge in the wire induces an equal charge of the opposite kind 
of electricity in the surrounding gutta-percha. Now it is well 
known, that when a large Leyden jar is discharged the whole 
charge does not immediately pass away, but a second, third, and 
even a tenth spark, may be observed on repeatedly applying the 
discharging rod. A similar effect takes place when a submerged 
wire is charged by contact With a voltaic battery; and the quantity 
of electricity retained in the wire, or the covering, after the trans- 
mission of a few signals prevents succeeding signals from being 
distinguished, for the wire continues charged with electricity for 
several seconds, according to the length of the wire. Some 
mathematical electricians think they have discovered the law 
which governs this phenomenon, and have given formulsD to 
determine the relative thickness of the wire and of the gutta- 
percha best adapted to prevent the obstruction: but the attempt 
to found mathematical formulas on the verv imperfect data at 
present possessed only tends to mislead, and the failure of the 
Atlantic telegraph may in a gi*eat measure be attributed to the 
application of such calculations. Instead of considering the tele- 
graph wire as a conductor of electricity, it appears to have been 
regarded as the receiver of an electric charge, and that by making 
the interior wire as sm.Tll as practicable, it would be the more 
readily charged and discharged. This notion of charge still 
holds possession of the minds of many of the electricians who were 
examined before the committee; but it was objected to entirely 
by Mr. Allan in his evidence, and without any attempt to mys- 
tify what is explainable by well-understood causes, he ux>u tended 
that the wire should be considered as a conductor, and that it 
should be so lar^e as not to become "charged" with the elec- 
tricity transmitted by it. It is indeed now generally admitted 
that the larger the conducting wire the better, but it is still 
attempted to prove by formulae that a tliick wire requires such 
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a thiclnieas of gnlta-percha as would render the insulatioii a much 
ntor6 expensive matter than it has hitherto been. The evidence 
adduced on thla point was contradictory, and tended to show 
that mathematical calculations cannot yet be brought to bear on 
the question, and that they may do much mischief by inducing 
the adoption of formuliy without experimental inquiry. 

We cannot follow the committee through the various portions 
of their extended report. Even their "Summary of principles 
which should govern the conatruction and laying of submarine 
telegraphs" occupies too much apace for us to extract entire, 
and we must content ouraelvea with briefly indicating what they 
are. They comprise, Kcnerally, the construction of the cable, and 
the laying and maintenance of it. Under the first head are 
included the conducting wire, the insulating covering, the ex- 
ternal protection, and a general conclusion as to the form of 
cable; and under the second head the preliminary sur^^ey, the 
apparatus for laying submarine cables, and contracts for laying 
them, are considered. 

Tlie conducting wire, it is observed, should be formed of the 
material which possesses the highest conducting power which 
can be selected, and should be of some metal or alloy not liable 
to oxidise, nor subject to rapid variation in conductinty from 
change of temperature. The stmnd form is recommended as 
beat, so as to prevent the fracture of one wire from rendering 
the whole cable useless. 

Of the insulating covering the comma ttee observe: — 

"Of the mAtenols which have beeu submitted td us the best insulator 
by far is indb-ruliber; Wmy*^ compoimd and pure guttSrpercha nearly 
resemble india-rubber in its insulatiog propertiee. 

The induction discharge is directly as the length of a wire. The 
amount of induction dbt^arge from wires of different diameters with 
covttringa of varioua thicknesses of the same insolaiing material may be 
assumed to bo, for practical purposes, directly as tho square root of the 
diamet<5r of the wire, and inFersely as the square root of the thickness 
of the insulating envelope* 

Hetice, by increaiing the diameter of the wire and the thickness of 
insulating covering in the same proportion! the amount of inductive 
discharge remains the same. The force of a current in a voltaic circuit 
increases as the square of the diameter of the wire (the len^ of circuit 
being conBtant, and the resistance of the battery being inoonfdJerable 
as compared with that of the metallic portion of tho circuit); conse- 
quently, if it he found inconveoient to increase the conducting wire and 
the insulating covering proportionately, greater advantage will ba ob- 
tained by increasing the diameter of the wire than the thickness of in- 
sulating covering; for whilst the covering remains the same the Induction 
discharge increases only as the square root of the diameter of the wire, 
whilst £be force of the current increases as the square of the diameter; 
and if tho insulating caveriug be varied, the conducting wire being con- 
stant, thtj strength of the carrent will rtmain the same, but the indue* 
iion will only decrease as the square root of the thickness, 

India-rubber surpasses all other materials in the BmaUneBS of the 
amount of its inductive discharge and the perfection ol its insulation. 
A coating of india-rubber is fully equal to a coating of the gutta-percha 
hitherto in use of double its thickness. Wray's compound and the ro- 
oently manufactured pure gutta-percha, closely resemble india-rubber in 
both these respects. The mixture of imperfectly conducting material a 
with gutta-percha has the disadrantage of greatly reducing the insula- 
tion and increasing the induction. The interposition of cotton thread 
between the wire and an iiisulating coating considerably increases tlie 
iaductioQ and diminishes the Insulation. Tho induction is augmented 
bocause the cotton thread, which it o bad insulator, increassB the surface 
of the conductor; and the insulation is impaired, not only because th's 
insulating coating is diminished by the thickness of the cotton, but 
probably also in consequence of the greater inductive action. Tlie 
Interposition of cotton between two layers of insulating material is 
equally disadvantageous. The interposition of a viscid insulator be- 
tween two coatings of insulating material neither decreases the induction 
nor improves the insulation of the line, but the viscid fluid has a ten* 
^ dency to fill up air-holes or flaws in the insulating ooatiogs. Generally 
p<»aking, ihe more perfect the insulatiug property of the material is, 
he less is its inductive capacity. 

India-rubber and Wray's compound are not perceptibly affected by 
any ordinary increase of temperature, but increase of temperature has a 
yery decided influence in diminishing the Insulation of gutta^peroba. 
This substance is therefore not well suited for cables to be laid in 
tropical regions. Temperature afiects the induction discharge only in so 
[la.r as it affects the insulation. 

ludia-rubber and gutta percha are subject to deterioration by expo- 
sure to the action of oxygen in the presence of sohtr light; but when 
light is excluded gutta percha will remain for months, and india-rubber 
lior a considerable period, unchangod in air, and botb will remain un- 
^ altered for years in water wheii light is excluded; indeed sea- water is 
pecuharly favourable to the preservation of gutta-percha, especially 



when coated with Stockholm tar. As regards Wrap's compound, we 
have seen a specimen of his No. 2 materia], which it is stated has been 
eicposed to altemationa of temperature and exposure during two yeaiSt 
but sufficient time has not elapsed since its introduction to enable us to 
express a definite opinion as to its durability- 
Pressure greatly improves the insulation whilst it is being spulied, 
and this effect is more perceptible as the substance is a worse insulator. 
But it does not appear that pressure asserts any infiuenoe on the 
amount cf induction discharge,*' 

The foregoing observations show tis that no calculations can 
be made with mathematical precision respecting the propoi^ 
tionate thickoesa of the conducting wire and the insulating 
co\Tring; for as some substances are stated to possess much less 
inductive power than others, the same rule could not apply to 
both. 

Of the outer covering it ia said, that it should be such as to 
protect the internal core against injuries or strains in laying, or 
in raising for repairs, against the attacks of marine animalB, 
and agninst abrasion on a hard bottom; and it must be capable 
of having joints made with ease. It should also give the cable 
sufficient specific gravity to insure its sinking evenly. In allud- 
ing to shallow-water cables, one of the "principles*' cminciated 
by the committee is, **the most desirable covering would, if it 
could be feandj be a strong metallic covering not liable to cor- 
rode in sea-water, rather than iron wire covered with hemp or 
other material." For cables beyond the reach of anchors, and 
even of strong currents, the com^mittee say — 

"It may be necessary to employ iron or steel wire to obtain the ne- 
cessary strength for raising for repairs either during laying or after 
tbey are laid. In this caae the danger from abrasion is less, and the 
iron or steel wire must be protected from corrogion by means of some 
outer covering. We think such an outer covering is to he sought ia 
tarred yam, protected by some cheap compound of gutta- percha or Lndia- 
rubber, Tbo wires by which strength is given should be laid on longi- 
tudinally, or with a very slow turn, and must be kept in place by a 
special binding, or by means of the covering compound. Cables of this 
general form may also, we believe, be made applicable to the greatest 
depths which wiU be met with. In any case the outer covering should 
bo BO devised as to prevent a strain coming on tho core; and the specifie 
gravity should be adapted to the depth, and be saoh as to insure the 
cable sinking evenly.** 

The committee enforce the necessity of more careful prelimi- 
nary surveys than have been hitherto made before laying a sub- 
marine cable, and they suefgest the desirability of contriviog 
some instrument which would enable the actual bottom of the 
sea to be traced. The committee attribute the failures that have 
occurred in laying submarine cables principally to the employ- 
ment of ships not prop*irly constructed for tho purpose, and 
they recommend that ships should he built specially for snob 
purpose. The last of the principles which the committee ennu- 
ciato relates to the contracts for laying submarine cables. They 
suggest that "a defined but limited pecuniary responsibilitv 
should be placed on the contractor, who must therefore be al- 
lowed a certain liberty iu his arrangements.'^ 

The committee io* tho conclusion of tlieir report look con- 
fidently to the future, and repeat the opinion they had before 
expressed, that the failurta of tho existing submarina lines "have 
been due to causes which might have been guarded against bad 
adequate preliminary investigation been made into the questioti;*' 
and they conclude by obaerving, "we are oonvincea that if 
regard be had to the principles we have enunciated, in devising, 
mauufacturing, laying, and maintaining submarioo cables, this 
class of enterprise may prove as aucceBsful as it h;is hitherto beea 
disastrous." We sincerely hope that this convictiou of the 
comoiittee may be i-ealised; and the vast variety of informatioa 
bearing on the subject contained in the evidence and appendix 
of this report is calculated to bring about so desirable a cou- 
Bummatiou. We place more reliance on the results arisi&ff 
from a careful consideration of that information than on regard 
to the principles declarpd by the committee, which are in several 
instances but self-evident truths, or vague and impracticable 
recommendations. Some disappointment may be felt that the 
committee express no explicit opinion respecting tlie success oC 
a direct Atlantic telegraph, which was it may be assumed tho 
chief object they ha<l in view; though it may be inferred from 
their expressioDK of con fide uce in submarine telegraphs gene- 
rally, and from their attributing former failures to causes that 
may be guarded against, that they wish it to be understood 
that such an undertaking, if properly conducted, would be 
successful. 
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ON THE REVIVAL OP STYLES.* 
By Rev. J. L. Pbtit. 

It will I think readily be mnted, though the proposition is 
by no means a mere truism, that if we are to have good architec- 
ture in England we must have a good national styte; and it will 
also be granted that it is not necessary for such a style to have 
originated entirely at home — for by discarding all that can be 
traced to foreign sources we shall leave ourselves very few mate- 
rials on which we can work. The questions we have to consider 
are these: — Have we at present any style of our own ? — Are we 
likely to work out a new style from our own resources and from 
the materials we can command 7 — Ought we to endeavour rather 
to revive some ancient style; and if so, in which of those before 
us are we most likely to be successful 1 1 assume of course that 
we are desirous of establishing a style applicable to all our pur- 
poses, capable of combinations of the highest beauty and cran- 
deur, and opening a su£Bcient field to the genius of the architect, 
as well as to that of the sculptor, painter, and other artists who 
may contribute to the perfection of his work. 

I am*not sure whether we are not apt to draw too nice a dis- 
tinction between building and architecture, and to tiJce away 
from the province of the latter such works as our ordinary dwel- 
ling-houses, cottages, street fronts, and the like, unless they daim 
a title to it by adopting the most prominent features of some 
ancient or mediaeval style. But, in truth, every structure is 
architectural which shows that thought, care, and skill have been 
bestowed u[>on its appearance. A very smaU amount of omiv- 
mental detail, if it be well designed or well chosen, and well 
applied, will often be su£Bcient to represent as it were a more 
elaborate system; while a careful study of forms and proportions, 
even if there be no ornament whatever, according to the common 
acceptation of the word, may give a building a high place among 
architectural compositions; and therefore I said it was no truism 
to assume a good national style to be necessary, if we would have 
good natiouiu architecture. For a building may be architectu- 
rally good, and yet have no feature which decidedlv marks it as 
belonnn^ to some recognised style, or the adoption of which 
would originate a new style. But though a few examples of this 
description may be imagined, and some perhaps are actuallv to 
be found, it is not likely that the taste of architects, unguided by 
rules, should concur in the production of such buil(tings through- 
out the land. 

We must have cheap buildings— of churches I shall presently 
speak more at large — but we must have public buildings of 
various kinds, as well as private, the erection of which shall 
involve little or no unnecessary outlav; whose adornment or 
adaptation to style shall form a verv insignificant item in the 
cost, compared with what is absolutely necessary to insure good 
work, convenient arrangement, and sound and durable construc- 
tion. 

Now if there be any style or manner in which these buildinffs 
are generally designed, or have been so long as anything like 
nnity of purpose prevailed, are we to consider it, so far as it goes, 
to be the national style, with the power of adding such a system 
of ornament, whether invented or borrowed from foreign or by- 
gone styles, as shall best harmonise with its own principles of 
construction and composition; so that between buildings of the 
highest and humblest class there shall be a certain relationship 
and unity ?— or ought we to have one style for our ordinary build- 
ings, and another for works (to use the expi-ession of our neigh- 
bours) of a monumental character? And again, does our ordinair 
or vernacular architecture belong to or readUy assimilate with 
any recognised style, so that the ornaments, general forms, rules, 
and principles of that style may be adopted and engrafted upon 
it, without changing its character or rendering it less fit for its 
purposes? 

With regard to the first of these questions, — it strikes me that 
any essential incongruity between our vernacular and monu- 
mental styles would be productive of great inconvenience, and 
probably offer a serious obstacle to the advancement of either. 
For a large class of buildings, public and private, will necessarily 
occupy % place between the two, being neither merely vernacular 
nor yet altogether monumental And it is on these that the 
character and aspect of our great towns will depend. In such 
buildings something more may be allowed to ornament than in 
those of the simplest and cheapest class; and yet considerations 
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of economy most not be altogether thrown aside. If there be 
that oongruity between Uie highest and lowest dass which makes 
their di£forence to consist in degree rather than in principle, then 
the architect of the middle dass has merely to apportion to cir- 
cumstances his amount of expenditure in ornament. There is no 
actual line or barrier by which he must be decidedly controlled, 
or which he must deddedly overleap, so as to attach his work to 
one or other of two distinct classes, the vernacular and the 
monumental But if there be a manifest break between the two 
—a clear line of demarcation, on one side or other of which the 
architect must take his stand, is it not likely that the result will 
often be, on the one hand pretension, extravagance, and the 
sacrifice of convenience to show ? or on the other hand, if the 
lower side of the barrier be taken, neglect and indifference on 
the part of the architect, as if his employment were beneath his 
care and consideration ? 

We must inquire, then, if there be any stvle which we may 
call our own, perfectly suited to the wants of the present day; 
expressive, or capable of being made expressive, of the spirit of 
the age; and suffidentlv comprehensive to embrace both vernacular 
and monumental works, and that large class which partakes of 
both characters. If we would view the matter in its proper 
li^ht we must go back somewhat more than a century. So many 
of our cheaper structures are of an ephemeral character, and so 
many of our more expensive ones are built according to the 
fancy of the architect or his employer, that they cannot be said 
to represent any national or permanent style whatever. But if 
we look at several domestic structures, whether insulated man- 
sions or forming parts of streets, of about the date of Queen 
Anue*s reign, we may find something not at all unworthy to be 
taken as a national style; combining many artistic qualities of 
no mean order, with dignity, durability, and convenience. There 
is a house of about the period of which I speak at the entrance 
of Camberwell, which I never pass without being struck with 
the beauty of its composition. It owes little or none of this 
beauty to ornament, for nothing can be plainer or more simple 
in this respect Owing however to its detached position, it 
admits of a ground plan more favourable to variety of outline 
and a play of light and shade than can usually be obtained in 
houses forming part of a street But both in the metropolis 
and in country towns, we see houses which may be referred to 
the same type or style of architecture, more or less enriched, 
which give no small degree of grandeur, and some picturesque- 
^ness, tb some of our street views. The style, it is true, be- 
came unpopular when a more formal imitation of the Greek 
models was affected; and still more so when, as a natural conse- 
quence of this depressing formality, Classic architecture became 
less in fashion, and the fancy for Medisval architecture began 
to prevail. Many fine specimens were consequently pulled down 
to make way for structures of more pretension, but less real 
merit — as, for instance, the School at Birmingham: but this is no 
proof that the style is unsuited to the spirit of the age, or of the 
English nation, and that it might not with advantage again 
occupy the position of a national style. To go no further, it 
harmonises with the character of the houses we build when we 
work without reference to style, and are euided solely by the 
consideration of our own requirements, the state of society, 
climate, and material. 

If there be any fitting system of ornament by which such 
houses may be enriched, without sacrifice of convenience and 
adaptation to purpose, and at the same time ^sanctioned by 
antiquity or some recognised school of art, and therefore capable 
of being carried out according to certain rules, such system may 
be worked into our national style; and, supposing it has already 
been applied, it has then become a part of our national style, no 
matter irom what quarter it may have been derived — provided 
that the buildings on which we have engrafted it be what we 
should naturally design with a view to our convenience, and that 
the style itself or system of ornament be confoimable with the 
spirit of the age, and with its advancement in art, science, and 
general characteristics of dvilisation. I believe this is the only 
legitimate sense of the term "revival," as applied to an andent 
style. For revival does not consist in the mere reproduction of 
forms or decorations, which may at any time be obtained by a 
clever copjrist; nor even in the occasional appearance of a work 
oonceivea in the true spirit of the period which its architect 
intended to represent, such as the kitchen at Alnwick Castlo, 
desiffned bv Mr. Salvin, a truly original composition, and one 
whidi will Mur companson with any corresponding work of the 
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best Mediftyal peyiod;^bat in the estabMshmeiit of the style im 
sQch a maoDer that it shall be oniyersally and I may say instino- 
tiveiy emiAoyed; that it shall not only admit of, bat aotaally 
suggest^ such modifieations as drenmstances may demand; that 
it shall never appear to be forced npon the ordinary or vema- 
onlar arohiteotnre, bat rather to flow from it naturally and 
readily; that, so far from exhibiting any tendency to unfit a 
bailding for its proper purposes, ft shall even seem to render its 
.adaptation to them more complete; that, instead of coDstantly 
reminding us of its foreign or remote origin, it shall impress us 
with the feeling that it might be the growth of our own age 
and country (and this cannot be the case if it bears the stamp of 
a totally different era in the progress of refineroeut); and above 
all, it ought to convey the impression that it has been based on 
practical grounds, and is not the ofispring of mere fiuicy or 
sentiment. 

We know that two styles are asserting rival claims to the 
architecture of the future. At present they seem to assume a 
hostile attitude towards each other, and show but little tendency 
to coalesce, though it is certain that any style likely to grow 
and flourish and mark the character of the age, must combine 
elements possessed by each. At the same time it is equally cer- 
tain, that to secure that unity which is essential to the very life and 
existence of a national style, one of them must occupy a superior 
position, and the other take a subordinate one. These two styles 
are the Classic and the Gothic or Mediaeval. We will give each 
the broadest definition; considering the Classio to comprehend 
the Grecian, which its scanty remains present to us under rather 
a severe if not monotonous aspect, though a careful study of them 
shows its artists to have been gifted with powers of imagination 
as vivid and fertile as those which have been developed in anv 
era of human history, — the Boman, which combined the Greek 
with other elements, — and the revived Italian, which was intro- 
duced about the fifteenth century, and has more or less steadily 
held its ground ever since. The Mediieval style may be con- 
sidered to have commenced on the decline of the Roman, in the 
fifth or sixth century, or earlier; and we may trace its principles 
through the Byzantine, Romanesque, Saxon, and Norman, till it 
culminates in that Pointed or Gothic style which sheds a lustre 
on the thirteenth, fourteenth, and fifteenth centuries. 

With which then of these two styles does our vernacular ar- 
chitecture best harmonise ? From which of them does it, with 
most propriety, borrow its decoration ? 

Let us suppose a house front, forming part of a street, to have 
two stories above the ground floor, each with four windows. 
This seems as likely an arrangement as any to suit general con- 
venience. In the first place, we may pay attention to the pro- 
portions between the length and width of the windows, ana to 
the breadth of the spaces which divide them. The probability 
is that we may satisfy the eye in this respect without the least 
sacrifice of comfort. As to the form of the window opening, 
there can be little doubt the rectangular is most convenient when 
woodwork is required, as it must be in dwelling-houses; and 
when the ceiling is flat and the height of the room limited, 
the contraction of breadth at the top which an arched window 
involves may cause an inconvenient diminution of light But if 
stone lintels are not to be obtained, and brick or small stones 
are principally employed in construction, then the head of the 
window must be an arch. This ought not to form a perfectly 
horizontal line, both as being apt to sink, which produces an 
unpleasant effect, and as disguising the construction by giving 
an arch the form of a lintel. A decided curve should therefore be 
given; but the less it deviates from the straight line, the less^ 
will be the sacrifice of those advantages which belong to the' 
rectangular form. A segmental arch comprising a very small 
arc of a circle is satisfactory to the eye, easily fitted up with 
;woodwork, and unites the qualities of convenience and construc- 
tive truth. It is accordingly very commonly adopted, and is 
equally applicable to the palace, the mansion, and the cottage. 

We have now obtained a front not unpleasant to the eye, but 
altogether devoid of ornament; although the care bestowed upon 
its proportions and arrangement entitles it to be classed as an 
arcnitectural composition. How are we to begin if we want to 
enrich it? There is probably nothing in the internal arrange- 
ment to suggest a division by vertical lines, for the partitions 
between the several rooms may be arbitrary and irregular. The 
real lines of the building must be horizontal, as it Is evidently 
divided by ceilings and floors into several sta^^es. If the position 
of these be marked by good and efiective strmg-ooorses, and the 



whole crowned by a rich oomicei we are at once in posseSBion 
of a meaning and telling svstem c^ ornament, which will five 
the front an air of oonsideraDle richness, even if we go no further. 
As the Classical style is that in which the horizontal line pre* 
dominates, we shall naturally be led to look to it for examples 
of such cornices and stringHsourses as we require; and we shidl 
find that it furnishes them abundantly, presenting us with spe- 
cimens which| for deamesss, brilliancy ot effect, and the sugges- 
tion of constructive truth, are altogether unrivalled. The Roman 
mouldings, as applied to horizontal lines, form a most valuaUe 
study, and have perhaps more of effectiveness and variety than 
the Greek, besides being more generally applicable in a style 
where the Greek element is so much moaified by the intro- 
duction of others. 

But the vertical line, though subordinate, need not be left 
wholly unrepresented. The termination of the building, where it 
joins the adjacent houses, may be marked by some kind of 
pilaster coiguing. The windows, ranged one immediately over 
the other, leave vertical stripes, which may also be marked by 
pilasters of small projection m one or more of the stages. The 
addition of these is right in a constructive point of view, for they 
give the wall some apparent and a little real additional strength 
where the superstructure is heaviest. And although the intro- 
duction of these pilasters may seem a step in the direction of 
Crothic, which exhibits the predominance of the vertical line so 
as to carry out the principle to the verge of exaggeration, yet it 
is not at variance with the spirit of Classic architecture, in which 
indeed the same principle has sometimes been expressed a little 
too prominently. The frequent use of the engaged column is 
perhaps one of the least defensible features in the Classic, both 
ancient and revived. 

Should the engaged column be discarded, or used very spar- 
ingly, it becomes a question whether we ought also to disourd 
those parts of the pilaster which give it the air of a substitute 
for the column— namely, its base and capital — so leaving it as a 
mere vertical strip. I can hardly think we are called upon to 
make the sacrifice. If the pilaster preserve or represent the pro- 
portion of a Classical column (for we must look upon the column 
not only as a mechanical support, but also as an expression of 
true proportion, and a kind of modulus for the measurement of 
the whole building), then it cannot be wrong to preserve those 
features which are necessarily included when proportion is con- 
sidered. And so far as they give the idea of vertical support 
they cannot be wrong, since the pilaster does actually add to the 
strength by which the superstructure is upheld. But where the 
arrangement does not admit of the columnar proportion and the 
full development of the entablature, or where the object is rather 
abutment than vertical support, regular base and capital had 
better be omitted. 

Again, the edges of the window jambs might have some simple 
moulding of a durable character, or the windows may be fur- 
nished with dressings, by which an effect of depth is obtained. 
Further, it may be desirable to have projecting window-sills, 
wide enough to hold flower-pots and the like. These will give 
an additional scope for enrichment in the brackets which support 
them; and the more so as, the weight being small, such bracxets 
may be designed with a view rather to elegance than strength. 
Those in similar positions — namely, under projections of no great 
weight, present some of the most beautiful curves that we find 
in Uie Roman as well as in the revived Classic. A hood, sup- 
ported in the same manner, may be placed above the window, 
giving it some slight protection from rain. In buildings of 
a more ornate character the hood may be connected with the 
window-sill by small detached columns or engaged pilasters. A 
balcony might also be attached to a window opening to the floor 
of the room; this will rest on brackets of an apparent as well as 
real strength, proportioned to the increased weight And a 
balustrade of stone, wood, or metal may be made to add to the 
beauty and character of the design. These projectiuns give 
great life and picturesque character to street views in many Con- 
tinental towns. 

Now here we have arrived at a front of considerable richness, 
and altogether falling naturally into the style of the revived 
Italian, which will also furnish us with the means of introducing 
panels of sculpture, or discs of marble, into such parts of the 
surface as may still be considered by the architect or his em- 
ployer to be too deficient in ornament. In all this, you will 
obMTve, there is no strahiing at effect; no going out of the way 
to meet the exigendea of a style; no sacrifice whatever of oon- 
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T«llienoe^— the aeak of magnificenoe^ and oonsequentljr of expense, 
nay altnoet be regulated to a nicety; every addition offers itself 
In a direct^ strafgbtforward manner; and the result, to an un- 
prejudiced eye^ will be satisfactory if the composition be worked 
oat with jvc^pnent Of course, a bad architect could out of the 
above materials produce something very tame and meagre— 
for there never has been, and never will be, a style the mere 
adoption of which will be sufficient to insure excellence; but I 
am convinced a good architect would bring out a design full of 
f^race and vigour, and, however commonplaoe its elements, give 
It the stamp of ori^bality. 

Undoubtedly it is possible to Gothidse, in a manner, such a 
street front as I have imagined. We may divide it into bays of 
one or more windows, and mark the division by buttresses or 
stronglv predominating lines. We may choke the windows up 
by mullions and tracery, and give them pointed heads; or we 
may retain the square-beaded or slighUv segmental window 
without mullions, placing over it a Gothic arch against the 
blank wall, so as to cut the floor-line of the apartment above. 
But neither these, nor any other devices by which modem re- 
quirements are made to conform to Mediaeval architecture, are 
auggested by the simple primitive arrangement, nor do they 
show any congruity with it: indeed, it requires some exercise of 
aldll ana contrivance to prevent Gothic details from interfering 
with the comfort of an arrangement which is really Italian. 

Had I chosen for my illustration a front of five or seven win- 
dows instead of four, the door would probably have occupied the 
centre of the ground stage; and the building, arranged symme- 
trically on each side, might naturally have suggested a Classic 
rather than a Gothic treatment The number of houses without 
much architectural pretension that are so arranged, presenting a 
symmetrical front, and for whose decorations tne architect has 
instinctively turned to the Classic style, shows that the arrange- 
ment cannot be otherwise than generally convenient; but oj 
choosing a composition that does not form itself symmetrically, 
the door being placed nearer to one side than the other, I would 
show that the employment of the Classical style does not tie us 
down to so strict an observance of regularity as to involve any 
sacrifice in point of convenience. It is true that glaringly need- 
less irregularities are offensive, perhaps more so in Clinic than 
in Gothic; and in most cases it is the part of the architect to 
combine regularity with convenience: the problem is generally 
one that can be solved in a satis&ctory manner; but where it 
cannot, as in the case we have been considering, the want of 
symmetrical regularity is felt to be no defect. An utter disre- 
gBLrd of symmetry is not to be tolerated in any architectural 
composition, l)e it Gothic or Classic; though an occasional inter- 
ference with it — whether it be accidental, as when it results from 
the incomplete carrying out of a design, partial rnin, or change 
of architects; or whether it be owing to the exigencies of the 
building— often gives life and picturesqueness to a composition; 
and there are many incomplete and irregular fronts — such for 
instance as that of Houen Cathedral — which we should be sorry to 
see reduced to a formal symmetry. But if we build for the pic 
turesque we must be careful that our aim be not too apparent; 
for irregularity ceases to possess the charm of picturesqueness 
the moment it ceases to appear accidental or forced upon us by 
circumstances. 

We have now to consider the question whether we ought to 
have two distinct and dissimilar styles— one for secular, the other 
for ecclesiastical purposes. And here I think the advocates of 
the Gothic revival have taken a more advantageous stand than 
those who oppose its application to secular purposes: for the 
latter seem not unwilling to relinquish the Classic style in 
church building, so long as they retain it for civil uses; while 
the former contend that the Gothic is the best, not only for 
churches, but for all structures whatever. In fact, they evi- 
dently feel how necessary is unison in a national style. I must 
confess that, if they can establish Gothic as the only legitimate 
church architecture of the present day, I do not see how their 
opponents can long resist their claim upon secular architecture 
also. Churches must be classed among what we have referred to 
aa monumental buildings; and it is dearly adverse to the pro- 
gress of art that the architect should have to give up his mind to 
two sorts of composition, both of them of a high order, grounded 
on principles that in many respects are antagonistic to each 
other. Tne dissonance between buildings of different styles, like 
the irregularities in the same building that I have ^ust spoken 
of, if they are clearly the result of accident or necessity^ as when - 



tbey aotualljr belong to di£Eerent perioda, is valnable, both as con- 
ducive to pieturetqaeneas and aa forming a sort of historical 
record; but when it ia no other than the rseult of caprice, way- 
wardness of fsincy, or want of unity among artists, it becomes 
nnpleasing to the eye, and perplexing to the mind. Nor can it 
be aaid that it is necessary to have one style for bouses or 
secular buildings, and another for churches, in order that we 
may know a church when we see it. Of the thousands of 
churches that have been built at different times, whatever may be 
their style or date, how few are there that would be confounded 
with secular buildings, and Hce versA, 

The ecclesiastical character depends very little indeed upon 
style; and it would be possible to Duild a church, perfectly unex- 
ceptionable in composition, form, aspect, expression, and general 
arrangement, without introducing any one characteristic of any 
recognised style whatever. 

As an instance I will notice a Protestant church at Emmerich, 
near the Dutch frontier, on the Bhine. In date it corresponds 
with that period to which I have referred as offering something 
like a national architecture of our own — namely, the reign of 
Qneen Anne. It is of brick, very plain, and devoid of ornament^ 
and worked in rather a meagre manner, the walls being evi- 
dently very thin. The plan is a Greek cross with very short 
arms, and no arches across the intersection, which might support 
a centitd tower or dome; the whole roofing is consequently of 
wood. This is high pitched and hipped; only one of the fronts 
having a low pediment, which had better have been omitted: a 
wooden cupola or lantern, of a very ordinary description, crowns 
the top. The windows are round-arched, and arranged in two 
tiers for the sake of galleries. There is but little detail any- 
where: what there is lias a Classical character. Now I doubt 
not that an exclusive admirer of Gothic would pronounce this 
an extremely ugly building, and would wonder what made me 
stop in the town an hour fur the purpose of examining it; but 
I confess I was very much struck both with its appearance and 
capabilities. From a distance I saw not only that it was a 
church, but a ver}' good church; nor was I disappointed on a 
nearer approach, when I could judge better of its proportion. 
Had the walls been thicker, so as to n^ive more depth and 
effect to the openings, I should have considered it really a grand 
building. There is a church of much the same form, and pro- 
bably date, at Eisenach, in Germany, having however square 
instead of round headed windows^ which do not detract from its 
ecclesiastical aspect 

Another church which I may here notice is one at the Hague, 
which also has high-pitched timber roofs, and a central turret 
of the same material. The plan of this church comprehends 
two intersections by transept^ which, as well as the ends, are 
apsidai. Externally the style is Classical, having large pilasters 
with regular capitals and entablature; internally there are no 
details Monging to any style, though the open timber roof gives 
an appearance of richness. It is decidedly a striking object, and 
well worthy of study. I should think it not imposaible to give 
it a construction which might admit of a stone central lantern 
or turret But even our own Dissenting chapels of the 1 st 
century and the beginning of the present, plain and often taste- 
less as they are, have a certain character which marks them as 
set apart for religious purpoees; and without being different in 
style (if they can be said to have any) from the houses on each 
side of them, are easily distinguishable, and leave no doubt with 
the spectator as to the purpose for which Ihey have been erected. 
I must however rescue from the charge of tastelessness one at 
York, built I suppose about the middle of last century, and just 
as devoid of any preten^on to style as the plainest of the houses 
which surround it It is nearly in the form of a Greek cross, 
and has a wide and low central tower, giving the building an 
outline not inferior in dignity to many gcKKl Mediceval churches. 

If it were not for the existence of structures which we are not 
likely again to require or reproduce — ^I mean cathedrals of the 
largest class — I doubt whether the Gothic movement would have 
proceeded with much spirit, even if it had been commenced at 
aU. It is only by such structures that we can be impressed with 
a full admiration of the style; and any aigument in favour of ita 
revival which rests on the impressiveness of such buildings, falls 
to the ground if it can be shown that such impressiveness ia 
what we shall probaUy never again obtain, at least by similar 
means. If this were a cathedral-building age it might be an age 
in which Gothic architecture could be revived. But it is not a 
cathedral -bnilding age. We may require and build largot 
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charohet— we may not gnidge handioitie and expendive odm^ 
we may increaee the number and force of choral establishments; 
but that pile of building which constituted the great cathedral of 
the middle ap^ whose exterior expressed dominion over the 
adj'acent distnct, whose interior suggested the idea of infinity— 
this we are not likely a^in to caU into existence; not because 
we are as a nation wanting in the spirit of liberality, for large 
sums are continually expended in the restoration of our old 
cathedrals — and if one were to be utterly destroyed, I believe it 
would be rebuilt upon the same so^le of magnificence; — but 
because we are a practical nation, and feel that cathedral building 
in these days is not the only way, nor the most effective way, of 
securing and spreading abroad the blessings of our religion — 
that an almost unlimited expenditure in mere externals (for 
cathedral building amounts to this), however it might have been 
justified in some epochs of the church, is not so in the present, 
when other necessities and exigencies <^1 for a different applica- 
tion of our means. It is, I suspect, because this is not a cathedral- 
building age (for this practical spirit is not confined to our own 
country and our own persuasion) that our genius seems to flag 
and languish when we attempt what is specially the architecture 
of cathedrals; while in our engineering works we display a power, 
and, I will add, a perception of architectural propriety, not sur- 
passed in the greatest works of the Romans. 



ON A NEW SAFETY COUPLING FOR RAILWAY 

WAGGONS* 

By Charles Markhak. 

It is remarkable that, notwithstanding the numerous improve- 
ments which have been made in all kinds of machinery duriag 
the last twenty years, some simpler mechanical contrivance has 
not been introduced to supersede the present rude and dange- 
rous method of coupling railway waggons. Numerous attempts 
have been made at different times to accomplish this desirable 
object, but they have been abandoned in consequence of being 
found defective in working. 

In the earhr period of railways, when the different lines were 
isolated one from another, the centres and heights of the waggon 
buffers were considered to be of little importance, and each rail- 
way adopted some dimension of its own. When however it 
became evident that, for the accommodation of the traflSc, waggon 
stock of the same gauge must circulate from one end of the 
country to the other, uniformity in the centres and heights of 
the buffers became necessary. Resolutions were consequently 
agreed upon' at the clearing-house that the height from the rails 
to the centre of the buffers should be 3 ft 3 in., and the distance 
from centre to centre of the buffers, 5 ft 8 J in.; the lengUi of 
the buffers was fixed at 1 ft 3 in. for dead or solid buffers, and 
1 ft. 6 in. for spring buffers. These regulations have been in 
force for many years, and a considerable decree of uniformity 
now prevails in the general construction of railway plant, which 
materially tends to faBilitate the introduction of a coupling that 
can be connected to any modem description of waggon. 

No class of railway servants are subjected to so dangerous an 
occupation as "shunters," who are employed in marshalling and 
forming goods and mineral trains, and are continually coupling 
and uncoupling waggons, fre<^uently whilst in motion; this they 
generally accomplish by leaning on the buffers, and lifting the 
coupling link on or off the drawhook. If the buffers are com- 
pressed together when the engine starts and pulls the waggons 
forward, or if the engine-driver misunderstands the signals and 
suddenly checks the engine when pushing, the shunter is liable 
to fall in between the buffers on to the rails, and be crushed or 
mutilated by the waggons passing over him; and fieital accidents 
from this cause are very numerous. 

The writer has now the pleasure of bringing before the meet- 
ing a new Safety Coupling for Railway Waggons, the invention 
of which is due to Thomas Osborne, who has been employed for 
many years as a fitter on the Midland Railway. A model of the 
coupling was shown to the writer by him about two years ago, 
but the invention at that period was in a crude and imperfect 
form; and as the coupling operation had still to be permrmed 
by the men going in between the buffers, the plan was con- 
sidered to be of no practical value. With the assistance however 
of Mr. Harland, chief foreman of the Midland Ridlway carriage 

* from a paper read at the lafiitatioii of MeGhanifial JEogiaMra. 



abopa at Derl^, the present plan of this coii]^g hm been voak* 
tared so that it can be snooeasfolly employed. 

n^ 1 shows the process of coupling; ]^. 2 is a side elevation, 
and fig. 3 a pUn of the coupling. The coupling consists ci » 
straight double link AA, figs. 2 and 3, connected at one end by 
a pin to each side of the shank of tJie drawhook, whilst the 
oater ends are connected to the coupling link B by means of th« 
pin C. This pin has a projection or tripping catch D, forged 
upon it in the middle, and its ends are flattened and fit into cop* 
responding holes in the coupling link B, as shown in Hg. 2, so aa 
not to turn in it. The coupling link has its straight ends pro- 
longed backwaitls beyond the pin for cartying the counterbalance 
weights £, which serve to keep it in its proper position for 
beinff acted upon by the lining lever when the operation of 
coupling is to be performed. The lifting lever F is worked from 
either side of the waggon by handles G, on the ends of the trans- 
verse shaft H, Fig. 1, which is carried in hangers from the sole 
bar of the wag^n. Each waggon has a similar coupling at 
each end if desired; and when two waggons are coupled to- 
gether, the link which is out of use remains suspended in a 
verticid position. 

In coupling the waggons together by this apparatus, the lifting 
lever F is raised by t£^ handle Q, and bears against the nose <n 
the tripping catch D, as shown dotted in Ilff. 1 ; thereby raising 
the link B, until it obtains a bearing on the underside of the 
catch, when it throws out the coupling link B, which is thus 
brought over the opposite drawhook, and is then allowed to drop 
on the hook by lowering the lever. In order to uncouple the 
waggons, the link is first raised by the lever till it is disengaaed 
from the drawhook, and is continued to be raised still further 
until the nose of the tripping catch escapes the end of the lever, 
when the coupling link is tipped up by the counterbalance 
weights E, into a vertical position, and is then lowered by the 

Fio. 1. 




lever, dear of the drawhook, into its original suspended position. 
A stop I, Figs. 2 and 3, is provided inside the coupling link B, 
which comes against the side link A, to prevent the coupling 
link tipping over too far back. 

The mechanical success of the plan now described for coup- 
ling railway waggons is due to the introduction of the elbow 
joint and tripping catch in the middle of the coupling, whereby 



Fio. S. 
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the coupling link is enabled to pass up clear of the opposite 
drawhook in lifting, and is then extended forwsrds to readi 
over the hook for coupling the waggons; while in uncoupling it 
is first disengaged from the hook and lifted up, and then swings 
free into a vertical position, so as to drop clear of the hook in 
lowering. The advantages attained in this plan are— safety to the 
meD| dispatch in the process of coupling and uncoupling, and cer- 
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tdntjr of aelion. The ooapling oonsists of few working parts,' 
and these are not liable to derangement in the ordinary work-' 
ing of railway waggons; but even in the event of the lifting 
lever aoddentally getting oat of order, the coupling can be made 
use of as an ordinary coupling by being lifted on or off the draw- 
hook by hand. The coupling can be applied to any waggon 
with the same &cility atf an ordinary coupling, with the excep-^ 
tlon of the extra cost of labour and material for the levers for 
working it; it can also be easily coupled to another waggon, even 
though there should be a difference of 6 inches in tne length 
of the buffers. The difficulty of coupling waggons together on a 
sharp curve, in consequence of their being out of line with one 
another, has been provided for by widenmg the opening of the 
coupling link B, and lengthening the centre pin C, as shown in 
the plan, Fig. 3, so that the Bnk has a sufficient opening to 
insure its always engaging the opposite drawhook, even on a 
sharp curve; while the side links A A of the coupling are kept 
straight, to withstand the violent jerks which all waggon coup- 
lings are subjected to. 

j^or testiuff the efficiency of this coupling a waggon fitted with' 
it was attached to the shunting engines that are employed in 
sorting and marshalling trains at the Derby station, and was 
kept constantly at work both night and day for about two 
months; the very heavy trains that had to be shunted, and the 
^reav variety of waggon stock that passed through the station 
m transit to different parts of the country, afforded an excellent 
opportunity of detecting any defects that might exist in its appli- 
cation. The result of this trial showed that nearly the whole of 
the waggon stock on the Midland Railway, including upwards of 
17,000 waggons belonging to colliery proprietors and others con- 
nected with the coal trade, could be coupled or uncoupled with 
the greatest facility by means of the new coupling. The varia- 
tion in length of the buffers of the different waggons now in 
ordinary use, and running in connection with the Midland Bail- 
way, does not exceed 6 inches; and there does not therefore 
appear to be the slightest objection to the universal application 
of this mode of coupling to all such waggons. Some waggons 
however of an old make, belonging to the London and North 
Western, and Manchester, Sheffield and Lincolnshire Railways, 
have no drawhooks; consequently in such cases the men must 
couple the waggons in the ordinary method; but these cases are the 
exception to the general rule, and in a few years will be entirely 
removed by the substitution of an improved description of wag- 
gon stock constructed in conformity with the general regulations 
^ of the clearing-house. 

The principal impediment to the immediate introduction of 
the new safety coupling, will be its extra cost as compared with 
the ordinary coupling, the cost of each plan being as follows: — 



Ordinary Coupling, 

S5i lb. of iron at 1}^. per lb 

Labour 



Total 



New Coupling, 

46 lb. of iron for coupling, at Hd. per lb 

Labour 

18 lb. of cast-iron for balance weights, at 7«. 9d. per cwt. 

Labour 1. 

51 lb. of iron for lifting lever, shaft, hangers, &c. at 1 ^d. per lb. 4 9 
Labour 4 7 



i, d. 

3 4 

8 

4 

«. d. 

4 4 

5 5 

1 2 
5 



Total ... 20 8 

The extra cost of the new coupling is thus I6s. Sd. for each 
coupling, or £l 13*. 4d. for both ends of the waggon. 

There does not appear to be any doubt respecting the success- 
ful application of the new coupling in its present form: but the 
writer thinks it may be advisable to increase still further the 
size of the rods, levers, and pins, since they may possibly be 
found too light as at present made; for experience has shown the 
necessity of making ever^ description of rolling stock strong 
enough to withstand the violent concussions it is liable to. 



Mr. Mabkham showed a full size working specimen of the 
coupling in action, which could be altered to allow of 6 inches 
variation in the distance between the drawhooks, for exhibiting 
the range of action of the coupling. He observed that a previous 
uttempt had been made at a mechanioal coupling to supersede 
tUt present mode of coupling by hand, the oonpling link being . 



lifted by a lever from the side of the waggon, but the link waitf * 
made in a sinde length without a joint, and would therefore ' 
only work with a uniform length of buffers, and if the buf-' 
feits were at all short the link did not drop into the draw- 
hook till the waggon was started. In the new coupling however ' 
the principal element of success was the elbow joint in the middle, 
which enabled the coupling link to reach over the drawhook 
even with the extreme variation that was met with in length of 
buffers, amounting to as much as 6 inches. With the present 
mode of coupling by hand the loss of life was fearfully great, and 
the accidents were extremely numerous, far more so than was 
generally known; it was therefore of the greatest importance to 
prevent the continuance of such accidents by the adoption of 
some such mechanical coupling as that now described. There 
were about eight sets of the couplings now in use on the Midland 
Railway, and one had recently been put to work on the Man- 
chester, Sheffield, and Lincolnshire Railway. 

Mr. J. Wright fully concurred in the importance of adopting 
some mechanical mode of coupling to prevent the loss of life and 
accidents occurring under the ordinary mode, which to his own 
knowledge were lamentably extensive. He had not yet seen the 
new coupling in operation, and hoped a thorough tnal would be 
made of it on several railways, in order to test its working 
under a variety of circumstances. The coupling appeared a good 
deal heavier and more costly than the prdinary couplings, and 
he thought it would be a great advantage if it could be some- 
what simplified; for a chief source of expense in waggon repairs 
was the loss of the couplings, which were generally broken off at 
the pin, so that the whole coupling was Tost; and if any of the 
new couplings were lost they would entail a great expense for 
renewal. 

The Chairman (Mr. Henry Maudslat) observed that the first 
cost of the new coupling must be considered in connection with 
ats durability, and as a means of saving accidents and loss of life 
it deserved the best attention of all railways, and he hoped it 
would have a careful trial. 



ON THE RESTORATION OF ANCIENT BUILDINGa* 
By G. E. Street, r.R.LB.A. 

This subject is one on which it may be difficult to say any- 
thing absolutely new or original, and on which nevertheless it is 
of no little consequence that from time to time something should 
be said by those who feel the whole importance of the charge 
with which we are entrusted in the restoration of our ancient 
buildings. How is it possible to overatate their value 1 They 
illustrate almost every page of the history of our country, in 
letters which are legible and unmistakable to all who take the 
pains to read them; and yet the slightest mistake in the restora- 
tion of any one of them may go far to destroy all their interest 
and all their value. They connect the present with the past in 
the liveliest way we can imagine, yet a mistaken mode of resto- 
ration may end in leaving us nought of the old work or the old 
associations, but in their place a completely modem-looking 
building, with associations going no further than a tribe of mo- 
dern workmen, a careless architect, and a committee of enthusi- 
astic but ignorant restorers. So that, in truth, the restoration of 
ancient buildings may very easily — as it does, only too often — 
mean their destruction. 

Our first duty is to be as justly conservative as possible where- 
ever we have to deal with anything old. Not conservative in the 
sense of puttins up a new copy of an old work — such as is in 
progress at St Mary Magdalene's, Taunton — but conservative in 
the much truer sense of keeping the old work in its old place, 
with its old tints, its old weather-stains and lichens, and emi its 
old defects. 

It is almost impossible to overrate the importance of this first 
and great condition of all tolerable restoration, and I confess that 
as I grow older and think more on the subject, I find myself 
even more and more impressed with its invariable truth Some 
3rears ago, at one of the fir-it architectural meetings I ever at- 
tended, I remember having heard a discussion on the restoration 
of churches, which was opened by one who, partly for the sake 
of argument, partly because there was a half-truth at least 
in his argument, maintained that the only true mode of I'esto- 
ration was the 'Mestractive,'' as he called it; by which term he 
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^}iAB,med tlmt he meant, that we ought to dedde for ourselves 

lirbich IB the beat Atyle for oar porposes, to make some odo 

ntyle our owd^ and then ruthledaly to pall down everything 

Bhat diAOgreoa with it: so that the choir or Lincoln, and the nava 

Mf Peterlxirooffh or Ely, not being tn that |>erfect Middle-Pobted 

J«tyle in whicn alone he oaw any perfection of design or oom- 

I ]Aeteoeaa of porpc^e, were 1 aiippo&e to be pulled down, nntil 

nothing ahcmld remain but old works of one date, and new 

J woi-ks in imitation of themj or — to carry the ai^unteut to its 

, legitimate end — so that eveirwhere old buildiDgs should give 

way to the perfect style (whatever that may be) of the ulne- 

teroth centary. Abeard and extravagant as such a view is^ 

there ia nevertheleaa a vein of truth in it, for the argument 

watt funoded no doubt upon a careful consideration of the mode 

^ work adopted by our fore&ithera, and in exact imitation of 

heir mode of thought and action. No one who ha^ examined 

iielr work can forget how little they reverenced the work of 

iheir forefathers. We praise William of Wykeham for his prand 

Tziave at Wincheflter, but what should we say to the man m our 

own age who ehouJd propose to continue the atyle of the central 

octagon of Ely on into the nave, by paring, destroying, or casing 

the old colnmna, inserting poiuteJ an(f moulded arches, and 

throwing the aisle and tri^Hum into one by the destmction of 

|lhe Norman vault between them? Yet this is precisely what 

ipWykeham did at Winchester; whilst hia predecessor, Edington, 

no doubt pulled down a gnind Norman west front in order to 

aubetitui^ hla own conception in its place. And the instance I 

have given ia one of all but universal application — every man in 

the middle ages aeema to have tliouglit his own work better 

^than that of hia predecessor; and the inatancea are rare in the 

Ktreme where, aa in the navea of Weatmlnster Abbey and 

Forcester Cathedral, the architect has distinctly copied the 

fork of the earlier architect of the choir. And unquestionably, 

reat part of the admiration we feel for thia old work ia inti- 

itttely dependent upon that haj'dihood and self-confidence which 

Hftver characteritjed ita dealgners; for it needs not to be said that, 

if our old architects had reverenced their fathera' works as much 

I we reapect theirs, we should have hafl, perhaps, more bnild- 

Dgs of tiniform character, but they would have ahown far lesa 

fpnginalitv. and life, and vigour, than they now do. The reason 

^ however for thia contempt for their ppedeceasora* work ia very 

plain, when we conaider how comparatively short the interval 

waa which separated the lateat of our Mediwval architects from 

the earliest, and how completely it had been britlged over by 

the very gradual nature of the development in their stvle. 

The destructive syatem of restoration which waa the nile in 
the middle ages, however ilefensihle and right it may be in 
theory, ia entirely indefensible and wrong in praelioe- For kt 
us once allow it to be right in practice, and we aliall aoon find 
men ou all sides with little reverence for what has gone before, 
and much conceit in tlieir own clevemea.% ruining in a short 
apace of time that which no space of time whatever can give back 
to ua. There are three nioljes of destructive restoration, and 
each equally effectual, The first, that which would pull down 
and reoonatruct in a new style; the second, that which would 
pull down and re-erect in the anme style; and the third, that 
which would ttx^l and scrape every stone in a wall until the 
whole should appear to be new. Of these ayatema the largest 
and boldest examples are, fortunately; for u a, to be seen on the 
Coutinent, and we have suffered comparatively little aa yet, 
(The lecturer, after commenting upon Iti© destructive system of 
reatoratron pursued upon the Continent, then proceeded — ) 
How much is lost in the course of destructive restorations it ia 
l^nlmost inxposaible to calculate. In some caaes in England we 
Tbave stitfererl terribly, and nowhere more than At Salisbury, 
[.The dentruction of the old carnpaniie, the confounding together 
. of portiouji of monuments of various dates in the moat indiacrimi- 
LHHte fashion, the removiil of hcreena, and the cartiug away of old 
[stained glass to the city ditch- are among the ardiitectural sins 
f/or which James Wyatt, *'lhe destructive,'* aa Pugin rightly 
I called him, has to auawer. 

The restoration of the west front of Lichfield Catheflral be- 
tween A*o, 1788 and 17E>5— one of the most abominable even of 
the works of that ** ingenious architect Kr. James Wyatt," as 
Storer called him — anil the restoration of St. Denis, in France, 
are casea of even more grievous spoliation than that of Salisbur)'; 
and we cannot, I think^ be too thankful that an age in which 
all restoration would neceaaarily have been destructive in the 
extreme, was at the same time an age of such apathy and 



lethargy, that it waa the rarest tluDg for any restoration or 
remir of an old building to be nndertdJcen at all. 

That third kind of destructive restoration to which I referred is 
unfortunately so popular with torn© people, that if we do not take 
care great dama^ will b« done, not alwaje to the architectnnd 
design, but (which is just aa important) to the colour, tone, 
and interest, of our old bnildinga. And in reference to Uiia I am 
unable to avoid mention of two reatorationa now or lately in pro* 
greaa, both of which aeem to me to be of an unfortunate deecrip* 
lion. They are those of the weetem fronts of Lincoln and of 
Winchester. The former is, I am told, being re-tooled and 
repaired wherever defective, so aa t4> make it look like a new 
work of our own day. And the history of the whole thing ia 
worth teilinff. It seems that a former clerk of the worka ia 
supposed to have had some interest in the use of a Yorkahiro 
atone in place of the native atone in repairing the weat front. 
The Yorkshire ttone he used has decayed rapidly, and all hia 
work now requires renewing with the eame atone that waa 
used in the old workj but not content with repairing defects, 
thej are carrying the deaning, tooling, scraping proceae over 
the whole of the work, so &s to make it look uniform* I 
with men would consider a little wliat thia eleaniug pro- 
cess involves. Directly you set a maaon to clean a piece of 
old work, he proceeds to chisel away something like an eighth 
of an inch of the surfiM^ everywhere. All mouldings aaanme, 
of course, new proportions: the hollowa become larger, the bow- 
tella amnJler, and each cleaning is therefore one step in the 
destruction of the work; whilst it happens ooniinually that aa 
ignorant workman, will in an hcnarortwo, destroy the special fea* 
turea of an old moulding, without having the slightest idea that 
he has altered the section at all. It ought to be understood^ 
therefore, that in all cases of cleaning and refficing old carved or 
modded work, no amount of skill on the part of the architect 
(who cannot always be on the spot) can secure the work from 
iiTCparable injury; and I hardly know what guarantee we can 
have that at Lincoln the damage to old colour, and the altera- 
tion of the relative proportions of mouldings, are the only things • 
we ahall have to lament in thia mistaken work of sonmll^ 
** restoration* 

At Winchester a moat inexplicable work of the same kind ia in 
progress. Here the main beauty of the old work waa ila colour. 
It never waa a very grand facade, and had many of the nanal 
faults without the beat features of Perpendicular design; but 
time had done its work, and the weat front waa in colour and 
geneml effect fairly in harmony with the reat of the building, 
and a work for Engltahmeu to'^ be proud of. Now, aa you go 
along the railway to Southampton, you see the new tower and 
spire of a church, and beyond tt what seem to be the equally 
new gable and pinnaelea to ttie cathedral; and I hear that they 
propose to polish up the whole west front in the same way, to 
match the gftl>le; then, if funds last, I don't see why they ahould 
not undertake the side walla, and iinish up with a refresher over 
the whole surface of the 6ne Romanesque central steeple ! When 
all this 18 happily conaummated, the good people of Winchester 
will, I suppose, be happy ^ and their grauddiildren may hope to 
see the cathedral again in its old ocdour and with its old effect. 
I cannot itaagine that the stonework required scmpiog; for not 
only ia the stone at Winchester generally in \^er)" fair condi- 
tion, but at the same time I have but little doubt that the putting 
a new face on it will render itd future decay more probable and 
rapid than any other course that could have been atlopted. The 
castle, and much of the exterior of the cathedral, at Norwich, are 
also examples of destructive restoration; and here the walls have 
been so piantcred with cement^ coloured to imitate the stone in 
the moat elaborate way» that I fear most of the original work ia 
absolutely destroyed. 

Destructive restoration is accomplished also by the removal 
of furniture or fittings of old buildings aa often as by the altera- 
tion of old detail. For instance, there uaed some years ainne to 
be a number of very fine carved oak stall or desk ends, of the 
fourteenth oenturj", in the choir of Wells Cathetlral; their places 
are now occupied by new work and designs, and on a recent visit 
I could find no trace whatever of any of the old ends, whilst the 
vercer absolutely refuae^l to allow that there ever had been any 
such work aa I described in the cathedral. Similarly, T remember 
seeing the fine wooden gates of the screen at Dorchester in a 
builder's yard at Oxford; copies of thorn having been erected in 
their place, to save the trouble of reatonng the oM gates, and 
probably without the knowledge of the architect* So, too, some 
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one once sent as a preaeut to the Oxford Architectural Society, 
a fine seat-end, which I recognised as baving been taken from h 
chttrch in Staffbrtlshtre, probably during fwmo repnim; and in 
thcae cases we architects are bj no means always in fault, for 
there are some clerical and other restorers who take etrong fan- 
cneaand strong dislikes. One man cannot tolerate his old chancel 
manen — another does not like poppj-head^ij and each of them 
banithea his enemy when he haa him in bis power during the 
-work of restoration ! And then there are, or at any rate tliere 
have been, some antiqimriea who seem to think it no theft to 
pocket a curiosity, and have no coojpuDction about giving the last 
wrench at an old bran. So of lute years the giaud fcst Maur 
brass at Higham Ferrers has aufered; aud at Uie present mo- 
menty the chun^h having been shut up unused for a coaple of 
years, one of the older brasses is all otit piiUed otf the stone, 
and will probably, unless more care than hitherto be taken, have 
disappeared altogether before the restonition h complete. 

I was told the other day of a curious example of the effect of 
careless or tgncraut restoration on the south doorway of the 
north wall of the choir of Lincoln Miu«ter. The central abaft 
was of later date than the jambs, and the latter, having become 
decayed, have now been restored in imitation of the centj-al 
ahafL The result of course is unfi^rtimate in every way; and 
the story which the old do<:>rway told has now a third chapter 
added, which makes the whole uniiiteUiGnU^- 

So far all the examples of destructive reatoration have been 
sach as all will agree in condemnitig. There are other examples 
as to which we may well Ive more cautious in the expression of 
an opinion; becaa^e, thongh they are among the redly deatrqc* 
live works^ they are also among the be*t, the most carefiil, 
and the most snniptnouii of restorationa^ Take the most 
remarkable exam pi e^ — the Ctiapter-house at Sal i& bury. Here 
we 8ee the whole iuterior restored with new pcilished marble 
shafts; new stonework wherever the oM was damaged in any 
way, walla and roof covered with new painting; and finally, the 
whole of the sculptures froiu Old Testament story which fill the 
apandrels of the arcades restored, repaired, and renewed in the 
moat elaborate manner, and then covered with painting. Now, 
independently of the question whether the chapter-house be or 
be not now exactly in the state in which it was letl in the 
fifteenth century (nud, aa far as the colomriug k concerned, I 
doubt it vehemently), uuch an elaborate restoration is very dan- 
gerous. I believe it to be quite impossible, and very wrong, ever 
|; to attempt the restoration of sculpture. If you have a piece of 
old sculpture so damaged as to interfere serionsly with the pur- 
pose of the portion of the building in which it occurs, the right 
thing to do in. to move it bodily to ^ime other place, and there 
carefully preserve it; whilst in ite place you insert an entirely 
new aod original work. You have no more moral right to toMch 
Tip or patch the work on which an ancient sculptor bestowed his 
art^ than you have to touch up, fiui^h, and repaint the work of 
a Giotto or a Fra Angelioo, They are all works of individual 
artists; and because their names jjappen to be unknown we are 
not relieved from the duly of preserving them exactly as Uiey 
have been handed down to us. 

In the Chapter-house at Salisbniy do absolute necessity for 
the restoration of the sculptare existed. The old scnlpture, 
damaged as it was, gave ua nevertheless the exact measure of 
the artist's power, had all the Interest which the certainty of 
antiquity imparts, and presented to us in every part the sculp- 
ture of the fifteenth centary. Now it is diflicult to know what to 
trust: the work has been done with singtilar care; yet I am 
confident that it must be impoeeible to reptur and patch any old 
work without at the same time running great risk of having the 
old work chiselled, filed, and fitted to the new; whilst the final 
operation of painting has eifectually concealed much of the 
delicacy (jf the sculptor's work. Suppose, for an instant, the 
same system adopted elsewhere, and our royal tombs at West- 
minster, our unsurpaised sculpture at Wells, our sculptures round 
the chapel at Ely, and elsewhere, all carefully and painfully 
repaired, resfcoreil, scraped, and repainted, aud I think you will 
be affrighted at the idea. The Uuxh is, that mobt of us at the 
present day had better, when we want to show our knowled^;^^ 
of sculpture, do so in our new work; and when we wi*ih for 
colour, paint also our new worka, and not our old. The question 
of the application of colour upon architectural work h not to he 
settled in a sentence; but, fond aa I am ^>f colour in its right 
place, I should generally dread very much to hear of its being 
applied to any old building for which I had much aflfection. 



Would any of us tolerate the ide^ of Westminster Abbey being 
given up to the colon rist? I think not: for though the propor- 
tions, the mouldings, the traceries, would remam all as they 
were before; the marks of age, all thiit makes the church ve- 
nerable or connects it to the eye with the associations of the 
nast, would have disappeared at once; and we ought never Vi 
lorget that in all restorations this evidence of antiquity is the 
one thing which, above all others, muat never be destroyed on 
any account; and just as in all destructive restorations no ac- 
count whatever is taken of it, so in all resturations well caiTied 
out this is the one thing which| above all others, is most taken 
into account, Tlio first mode of restoration is f?iirly called De- 
structive; the second and safer mode is rightly citlled tlie CViU- 
servative — and f will now endeavour to show how this mode 
may without difficulty be generally carried out 

The ma*oD must be attentively watched in his mode of doing 
his work: he ahoiild (if the old work be good) attempt, as fnr 
as possible, to assimilate his own to it in e%'ery way — in the hrmd 
of the m^-^sonry, in the mode of dressing or working the atones, 
and in the general chaj^acter of the work. He should be alloweil 
to indulge ill no nucb ingenious devicea for ttpoiling masonry ns 
black mortir or ruled joints; and whether the worn be new or 
rejstored, he should be compelled to do it at lea^t as solidly and 
Bubstautially in all reaj>ect8 oa the old work* 

Where old buildings are ho decayed as to be capable of repair 
only by propping or by rebuilding, the former is generally tlte 
better of the two plans, as still leaving most of the old work 
intact When rebuilding la decided upon, if the stone is not 
decayed, aud the work very good in its character, every stone 
of the old work should be murke<i as it comes down, and should 
be re-erected in its old nlnce, and with rs little disturbance as 

r)saible to the old work. This is the true conservative course; but 
am not sure that any good example can be given for the cnur^o 
(so often taken now) of rebuilding entirely new work in imita- 
tation of old work which has been completely destroyed. At 
Dnncaater, for instance* after the fire it was nnule a great point 
that the steeple (I am not «ai"e about the church) ahould be ac- 
caifttely restored in the new building. The m'chitects hands 
were tied by the condition, and he has given us a steeple and a 
church which are evidently compromises. They nre not really ri 
copy of the old w*ork, and yet would probahly have been still 
better than they are if they had not pi-etended at all to be a 
copy. At St> Mary Magdnlene's, Taunton, the steeple is being 
rebuilt in exact confurmity with the old work, and an enormoua 
amount of architectural superintendeiice given to that which 
i^ after all only the }>roper work of an ordinarily intelligent 
clerk of the works. Finally, at Chichester, the central steeple 
is a ruin, aud the people of Susjjex have come forward not4y 
with a large part of the funds required for rebuilding it. But 
the first condition one hears is that the steeple ia to be rebuilt 
aa of old; and one asks with some astonishment whether it enn. 
really be purposed to erect a copy of the late sniiie upon tlie cf»py 
of the early tt>wcrl Surely it would be tenfold better, if copying 
there must be, to confine it to the tower, and to make the whole 
steeple uniform in ita style. There ought to tie no diflicufty 
about making a spire at lejmt as gowl in its outline as the old 
spire; and the n^hnildiug of an exact copy of it, with nr» thing but 
new matcri.'di*, w^ould not to my mind be a •I'estoration at all. 
Nevertheless, the spirit which pi-ompts this desire for exact 
fac-eimiles of old work is one full of goofi, and marks that in- 
tense love for our old huihlinga and oM cuslnnis which still I 
hope marks the people of England above all others at the 
present day. 

In matters of detail, conservative restoration is often possible 
when it is not pmctised. In stained f.dnft3, f'r instance, Mr. 
Ward some time t\i'o ^ve an example of the be^Jt mode of re- 
atnratiou, in an old window of a church in lierksbire which I 
WftA restoring. A good deal of the gla.*^ hail been destroyed; 
the leading stiU in the main remained; and he re-leado*! the 
whole of the glass, filling in the vacant places vvith plain glass, 
o[m]Ufly painted; and the result was that, at a small expense, 
we had the old work, and nothins: more» permanently preserved, 
with nothing conjectun\l, and with an effect which, I cnnft'ss, 
I couhJ scarcely have anticipated. Tliis work was done under 
Mr. Winston's aupervisiom 

There are many otlier points on which a restorer should lake 
special pains to conform to the old example, Wierever old 
levels of doors can be diacoverclt they shnnld be most carefully 
copied. Old levels are geiie rally well rvr ranged, and not unfre- 
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ooenUy with great pecnliaritiefl. As, for iostance, the hjing a 
noor on a gradual filope up from west to ei»t. Then again, tne 
local fashion as to seats, &c. in churches, is generally preferable 
to any other, expedallj where any example exiflts in the building 
under restoration which is at all worth repetition. 

Painting on walls should, generally speaking, be carefully 
cleaned; and, where it consists of figures and subjects, should 
not be restored. If the work be rude, it can hardly be restored 
in a rude fashion without beiug absurd: if its character be good, 
then it is, as I have said elsewliere in reference to sculpture, a 
pity to touch it, lest we destroy any of the characteristic touches 
and fire of the old artist. I have the authority of Mr Layard 
— than whom no one has more zealously exerted himself in the 
sanse of early Italian art — for saying that i\\e greater portion 
of the damage which is done to the old Italian frescoes is in- 
flicted by their restorers, who recklessly paint and reiwiir every 
damaged work for which they can induce anyone to pay. And 
the fact is the more startling when we consider that the exist- 
ing government of Italy is engaged in putting down the religious 
onJers, turning them out or their houses, and converting the 
convents and churches — which contain the most glorious works 
of art in the world — ^into stables, barracks, and schools; so that 
the restorers must be actively vicious indeed who outdo such a 
government in destructiveuess ! 

There is one common reproach in the mouths of those who 
have no feeling for our national antiquities, to which a few words 
of a!i8wer are necessary. They assert that all this work of 
restoration is unreal and untrue, inasmuch as both our religious 
life and our civil life are quite unlike what they were: they say 
that the old buildings of each class are consequently quite un- 
fitted for our use on religious and on utilitarian grounds. In 
short, Lord Palmerstou's **Civi8 Romamu sum" is interpreted 
literally by them, as it is by his lordship, to mean that Roman ar- 
chitecture is the only art fit for English citizens, and that we ought 
no longer to put up with any revival of English art The charge 
is ingenious, but untrue. Take our churches — and in what re- 
spect is it necessary to alter them materially for modem use? 
As far as the Church is herself concerned, I may safely answer, 
hardly in any single respect need they be altered; for whilst Ely 
and Sherborne and a host of smaller restored churches show the 
perfect liberty which she enjoys and allows in their restoration 
on the most gorgeous scale, we hear now, week after week, of 
^therings in our cathedral naves— either in Westminster or 
Exeter to hear sermons, or, as last week, at Ely and Peter- 
borough to join in chond practice— so large that even their 
spacious areas are not ample enough to hold the crowds that 
throng through their doors. And is it possible that this Eng- 
lish nation, which prides itself so much upon its practiaU cha- 
racter, should be so unpractical as to go on, year after year, ever 
more and more actively at work, restoring and refitting old 
churches, if those old churches are not the most convenient 
and the most suitable buildings that could be devised for their 
sacred purposes? 

No work perhaps afiEbrds better training for an architect than 
the study which is involved in the attempt to become a 
thoroughly good restorer of ancient buildings. He cannot do his 
work even passably well without a hearty love and reverence for 
them; this love and reverence cannot be mere abstracting, but 
must be followed up by active work, active study, sketching, 
measuring, making notes, and thinking well upon and among 
them. This can never be done so well at any time as at first; 
and yet I grieve to say that a large majority of young architects 
go on year after year without apparently even so much as think- 
ing of the necessity of studying old buildings for themselves, or 
taking the slightest active interest in any work beyond that 
which is put before them in their otiice. Now what must be the 
f ite of buildings restored by a class such as this? Is it possible 
that tlipy can be well, scientifically, or in any respect properly 
done? Obviously not. Yet — I am within the facts in what I 
say — I have over and over agaiu had applications from assistants 
in want of employment,' and it is a painful fact that a very 
large majority of them have never studied or sketched any 
old buihling; or if they have done so, have done it once or ' 
twice only in their lives, in a way so disgracefully careless 
as to make the hair stand on oue*s head at the idea of its 
beiug called study at all. Yet every one of them would un- 
dertake to restoi'e a church with as much sang froid as it has 
been said one of our statesmen would display in taking the 
command of the Chanuol fleet. We want also educated darks 



of works, and educated builders; and let me wkj^^ without any, 
lack of respect for the class, that generally speaking it is much' 
safer to intrust works of restoration to local builders in only a' 
moderate way of business than to large .contractors, who seldom 
themselves see the work which is being executed, and who do 
not find it worth their while to enter carefully into those minntia, 
which every restorer of an old building is bound to attend to.' 
Our educated architects must educate themselves, not in Con* 
tinental examples or from Continental books, but from English 
examples and Endish books. Whatever may be the value of 
foreign study to the architect (and from some points of view it 
cannot be overrated), nothing is more certain than it will be of 
no help whatever in finding out the meaning or intention of 
ninety-nine out of every hundred of our old English churches 
and houses. They are thoroughly national, and all their pecu- 
liarities are national peculiarities. They have also provincial 
peculiarities, so tliat none can expect to understand them ,' 
thoroughly without mastering all their provincial as well as 
their broader national peculiarities. 

The Pugin Travelling Fund will, I hope, soon be in existencei 
to encourage men in this branch of their studies; though, if the 
entire trutn must be told, our art will not prosper while our 
students require a pi-emium to induce them to study it For 
myself, I should be ashamed of any youn^ student of architec- 
ture who is content to waste his time and his holidays in indolent 
and selfitih amusements, when he might, knapsack on back, be * 
at work from day to day, for a month or two in every year at the . 
least, walking frum one spot to another of this glorious country; 
gathering as he goes the information which will enable him in 
time to distinguish himself in his art; while the act of obtain- 
ing it is as fiul of real pleasure as deer stalking, climbing Alps, 
or any other athletic work. 

This, then, is the sum of what I have to urge: that only 
after diligent study of our old builduigs should we ever venture 
upon undertaking the cliarge of their restoration; and that the 
great end and object of all our restorations should be to preserve 
the oM fabrics in all their old beauty of ccdour and design, for 
our children's enjoyment In our new works we have plenty of 
scope for the most ample originality, if we are capable of it 
But we do not want to see Venetian Gk>thic windows introduced 
into our cathedrals or our castles, where they would be out of 
all harmony with everything that surrounds them, and standinjf ^ 
evidences, not of our knowl^ge and our skill, but of our childish * 
conceit and affectation of superiority to the men whose work we 
so obviously despise, though we pretend to restore it. 



INSTITUTION OF CIVIL ENGINEERS. 

George P. Biddeb, Esq., President, in the Chair.* 
March 19 and 26, and Jip^^il 9. — Discussion upon Mr. Murray's 
paper " On tlie North Scti, with Remarks ygpon some of its JSstuarieSp 
Jiivers, and JIarfjours,** 

Id commoncing the discussion it was remarked that the North Sea 
was one of deep interest, whether viewed commercially or geogr^hically. 
The amount of shipping ond the value of the commerce traverging that 
small sea were almost unparalleled. The approach to the Elbe in the 
winter Feason with north-west gales would >je nearly impossible but for ' 
the situation of Heligoland, which enabled veSMels to take a fresh depar- ' 
tiire for the mouth of that river. From the Naxe to the North Cape 
the navig&tiou wsu one of the safest in the world; fo:- although the oout 
was rugged, it was intersected with harbours of untsual extent, in which 
ships could obtain refuge in all seasons, and during the most severe 
weather, in a very short time. Then again there were the variations in 
the range of the tides, which from Dover to the Thames amounted to 
from 18 to 20 feet, gradually diminishing to 5 or 6 feet on the coasts of . 
Suffolk and Norfolk, and then rising again to 18 or 20 feet northwards. 
The tides upon the Danish and Norwegeian coast presented some sin- 
gular phenomena. Currents were perpetually setting eastward from the 
Holmen Light up to the Skaw, varying in intensity according to the 
strength of the wind. The currents flowing into the Baltic were also 
subject to wind influences. In the narrow chumeli between Copenhagen 
and Kiel, traversing the Danish islands, the water was so fresh that the 
steamers using it had no occasion to blow out their boilc ra, and fresh- 
water fish had been met with in those channels. With regard to the 
fiords of Norway, the cmrents were entiiely subservient to the winds, 
and sometimes change twioe or thrice in the course of the day, the height . 
of the water varying from 6 to 9 feet, according to the prevailing wind. , 
It was thought, tluirt without considerable currents the Dogger Bank 
could not be increased to the extent which had been predicted in the 
paper; and it was more than doubtful whether such currents existed, and 
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wbere the m&ierud could come from to nuBe thftt large boiik — equal in 
ftrea to the prindpiiJit]r of Walea— into an iakncl. 

It was obaerved, tlui>t altmg the Dutch ooiMit from the Scbelde to the 
Texel, there were two high-watera and two low-watera; the one pro- 
oeeding from the southerly current of flood In the North Seo^ Mid the 
other &om the northerly current of tiood through the StraitB of Dover. 
The firat WM odled the proper high- water, and ww nanie^i by the Dutch 
the * agger/ It wae beueved tbivt there was no rbe szul fall of the tide 
on the Ameland Bank^ or somewhere at>out 55^ N. lat. njid 6\^ E. long-,; 
and that this might be accounted for by the fact of the two streams of 
flood, the one making from Flamborougih Head too the mouth of the Elbe, 
and the other, which ran direct south idong the Daniih ooact^ meeting 
and oeutraliEioig each othff ai or about that poiiit. 

Il was suggeeted, that at one time the North Sea and the Baltic were 
ODe seat and that HoUandf Hanover, Holsietn, Jatl&nd, and Denmark 
were in great part formed as a ipit within thle sea, so separating the 
Baldo from the North Sea. TbMi the materials of whii3b this sfut was 
oompoeed were dertved from the encroachment of tl» sea uposi the east 
coast of England, which must consequently have been ol iinmeneely 
greater extent, and v&ty possibly towarda the aouth tmited with the 
continent. That the oolitic clilf4 to the north of and the chalk cliff off 
Flauboin>ugh Head, were the remains of a range of hiUa which must 
bare at one period extended eastward. That the paraQeliim of 1^ 
Dogger Bank and the White Bank with the granite ch&in across Soot- 
land &om Lday to Aberdeen, suggested this idea, that tbese bonks were 
the remaina oi the abraded range of hilli, and not an accumulation of 
sand as nipposed by the author, lliait the encroachment of the eea 
which had been spoken of as taking plaoe npnn the coast of Holland, 
Ice. seemed to prove that the action of the sea on ^ ooaet of England 
had resulted in a form of ooaat which prevented further rapid encroach* 
ment; and that the quantity of sand and debrii now taken from the 
Ofiast of HiiUand, kc. woe larger than that carried to it from the coast of 
Enghmd. That the santl dtd not find its ratting-ploce in the southern 
pari of the North fiJea. but was carried aoroas the JutUnd Tt;ef into ihe 
obeve, along which, as a marine river, it was carried round the coast of 
Norway into the ocean. That this nearly constant current woa produced 
by the heaping up of the tidal- waters along the south coast of Nor- 
way and the weet nf Jutland. The abi*ence of any rise and fall of 
the tide in those parts was accounted for by the continued accession of 
tidal waves to that part of the sea — first, the onlinary wave coming in 
between SootLuid azid Norway; followed by the con#ita'ntly reflected wave 
from the oooet of Scotland and England, which formed a' curve of which 
the Noae was nearly the centre, aa well as hj the wave oominir from 
HoUand. 

The ittudy of the tides in the North Sea had been rooommended, as 
likely to afford to a certain extent a key to the local tides in the friths, 
rivers, and harboum, with which engineers hoci to deal; and it had obo 
been suggested that a contour map Jbould be mode of the bottom of the 
sea. Twenty yean ago, when Mr. Scott Ru&bcU was pursuing his inves- 
tigations aa to the tides, he laid down c^mtour lines of the bottom of ^ 
•ea, at successive deptlia of 10 fathoms each. Thb discussion would 
lead to an important result if it were the means of inducing the autho- 
rities to direct the preparation of a contour chart of the tea, within the 
depth of 70 or 100 fathoms, all round the Britifih Ifdes. It was pointed 
out that the maps of a series of tides, as actually observed, showed acme 
remarkable phenomena in the North Sea, as 'well as in the Frith of 
Forth. In aome parts of the latter, as on some parts of the coast of Hol- 
land, there were ^ur tides in twenty-four hours, Some engineers thought 
that the ocourrenoe of four suocesuve high-watetv waa owing to local dia- 
turbanoes ooij; but c<mtinuoui observations, taken mght and day at a 
great number of stations cm the Frith of Forth, and extended over three 
months in the year 1840, under the direction of a committee of the 
British Association, eliowed that these phenomena were not of local 
origin. At Stiriing there were four high-waterv, but the low-water was 
like that iu other rivers. At Alloa, lower rlown the Forth, there wetre 
two low-waters in each tide, as well aa two high-waters, or four of both 
evenr twenty-four hourv; and these, or iiymptotns of them, were nsible 
all tne way down to the sea. It was arguetl that these anomalies arose 
from the two tides which entered the North Bea fniui its opposite or 
north and south entrances; one effect Wing dae to the northern stream 
of flood, and the other to the southern wave paaifaig throng the Straits 
of Dover, which, when it arrived at the Forth, waa twelve hours older 
than that from the north, and entered the Forth two hoon sixtuer than 
the next foUowing tide from Aberdeen. Tins reasoning led to the belief 
that the early tide was the irregular or Dover oae» and that the later ttde 
waa the reguhu' or Aberdeen tide. The dinmol inequality in the 
height of the tides waa ffeneraHy known, but the diurnal meqnality 
of the tame of that tide, uiough known in theory, had not been pre- 
rioualy aaoertained by obeerva.tiDn, If a tide coming in from the sooth 
was of the aame ace as another ooming in by the north of the North 
Sea, they would be both larger in the morning and both smaller in the 
evening; they would both be earlier in the morning and both Uter in 
the evening. Bat if ihej wore of different dates — twelve hours apart — 
then one was a morning -tide and the other aa evening-tide, and tLe one 
wuuld be larger while the other was smaUer, cad each pair of Itdibs would 



consist of a smaller and a larger and an earlier and a later together. 
This was exactly the fact aa observed. The tides really travened the 
shores just as if they were great waves of translatioit, the velooity of 
their tranamission being regokted by the depth of the water. 

Keference waa then made to the manner in which the great wave from 
the Atlantic reached the shores of the United Kingdom; and the course 
the northern wave of the North Sea would toko if it followed the law of 
a wave of translation, moving according to the depth of the sea and the 
velocity of the tidal-wave, was pointed out. The coune of the southoti 
wave waa then traced; and it wm remariced that the channel in the 
Stralta of Dover was generaJly deeper in the middle and shalluwer at the 
eidea, so that on the wave emerging from the Straita it would cling 
to the shallow shore, and form a convex line trending off towards the 
ooaet. 

It was argued that the phenomena spoken of as occurring in the 
Frith of Forth might be easier aoooimted for by su|>p<muig that one 
high- water waa produced by a tidal current along the ehore, otiil the 
other coming later in frtjm on offing current. Also, that the wavi« pass- 
ing through the Strajtn of Dover would expend itself over the wide tattk 
between ie coast of Holland and Lynn Deeps, and then oome to a per- 
fect level; and that, before the tidal- wave from Dover could reach the 
Frith of Forth, it most cross low- water— for while it waa fa^-watef At 
Dover and at the Frith of Forth, it was at the some time ItflMratQr In 
Lynn Deeps. 

It was stated that the soundingB north of Flomborough Head, and 
from the coast of Norfolk to the Texel, were duuMful, and that the 
Admiralty surveys had not been carried out to such an extent, or with 
io great minuteness, as to vmable contour lines to be ooxreetly drawn 
over the whole area erf the North Sea in that ktitwle. Fisberm^m who 
were constiiDtly'trmwling over the Dogger Bank hiuj reported that there 
was a regular north and south stream running over the bank at the rale 
of from I to 8 miles aa hour* If that were the case, it was unreason- 
able to suppose that any great depont oodd take place, and that the 
bank could be other than a natural formation. 

It was contended that there were but few facts upon wHch to base a 
dtacuwion. In the northern port of the North Sea^ there were only two 
or three traverse lines of ftounding«, so that the course which the tidal- 
wave pUTBue^l from the entrance to the Baltic to the coast of Scotland 
was very doubtful. Agfoin, there were only two observationB as to the 
rise and fall of the tides in the North Sea, and such observations were 
both difliciilt and coetly. As the Straits of Dover were only 25 milfli 
across, whoreoM the North Sea immediately opened out to a breadth erf 
100 miles, and the depth remained about the same, it was argued 
that the tidal- wave after passing through the Straits of Dover would be 
broken into a number of small waves and be annihilated. With respect 
to contouring the lx>ttom of the sea on charts, it should be remembered 
that saikprs wanted white paper, so as to be abb to mark their poattioaB 
off in pencQ. Under these oircumstaaoes it was suggested whether, as 
the coast sheets of the Ordnance map were freouently blank, the oontoiu^- 
ing of the shores might not be undertaken by that department. 

It was contended that it was the great tide ooming from ihtS south- 
ward into the Atlantic Ocean which fell upon the shores nf the British 
Isles, and not that from the north- west « The course of the great ocean 
wave, or ocean stream, which was to fall into the North Sea, was theit 
traced. It split off the west coast of Ireland, part gomg to tho tMCtll 
and part to the south at Cape Clear. The southern tide thus entersd 
the Iriob, the Bristol, and the English Channels. In the Ei^th Chan- 
nel it first entered a space of ab^t 100 miles, between the Laod^s End 
and Ufthant. It wa« then checked m its progress between Portland and 
Cape La Hogue, where the width of the (duumel was reduced to 
abfjut 53 mil««; and then between the South Foreland and C^pe Grisnez 
the width wsd reduced to 20 miles. The Atlantic wm thus pressed into 
the English Channel, and being hemmed in at the Straits oi Dover the 
great nae of tide in tiiat disiriet naturally occurred. The same effect 
was produced In the BrisUd Channel. With regard to the northarly tide, 
the width between the OrkueyB and the coast of Norway being about 
400 miles, and between Yarmouth and the Texel^the narrowest part — 
170 mOes, it was inconceivable that the north tide stream civuld im over- 
come by such a comparatively small strsnnt, only "20 miles in width, aa 
could pass throu|?h the Straits of Dow. It was thought that was suffi- 
cient to answer uie theory that the flood tide of the North Se» was trom 
the southward, and passed through the English ChumeL The late 
Admiral Beechey had divided the tide into eetablislmients, atid found 
that the tides between the Start Point and Lyzm Dccpe was one 
establishment— that was, that th«.' ftuid-tide came round the Orkneys, 
passed along the eaft Miorcts of England and Scotland, and was 
meet by the southeni ebb off Lynn Deeps. The flood-tide then 
curved round to the southward of the Dogger Bank, croiied the 
Texel, paieed on to HeHgohuDd, then deflected mto the Sleeipe, skipped 
from entering the Kattegat at the Skaw, and finally tuniin|f lotmd in fihtt 
Sleeve towanU Christianio, and thence round the Naae of Norway. TIm 
floo<l'tide in fact going to the ncrth at that point, having m^de nearty tk 
circle. 

It could not be denied that the Dogger Bonk, which n^ight bu coiisd 
the bar of the North Se&, wis of vast Importaooe in the eousideratioft 
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of the queation of the tUlea, Ah to its origin and th« c»i»e of ite present 
pQwiwm, it waa urged that it had been funned in the Nune miuuier in 
which bfirs of rivera were usually fonued; us the retult of the conftiot of 
the two opposite tideti or sfcreaiiiB, which had been described a£ meeting at 
I^'nn Deopa. TJicre waa doable th*? deptli of water on the north side 
of the Dogger Bank that there waa on the south. That wa* an additional 
reason why comporativtily ehoal water pattsing throiigh the nairuw Bover 
Straits over the southeni part of the North Sea oould not make ita way 
an flood-tide to the Frith of Forth as had been suggested. 

It was remarked that there were two tides in many places; for in- 
stance at PortflniouLh and the placcH adjacent, the one tide came up the 
Solent between the lale of Wight and Hampshire, asul the other south of 
thfi island. It was BUggested that the phenomena deecribsd as taking 
plOM in the Fiith of Forth were more the n^iilt of ikhe casual augmentar 
ticm d the bo*ly of water by the sudilen digcharge of freshes fpwu time 
to Citiie, than from ajiy fixed kws producing two tidal- waves. The same 
thing had been observed in the upper part of the tidal navigaJtion of the 
Tyne, Tliero appeared to be 11 feet of wat^a- over the bar at tlic Frith 
of Dornoch at Low- water, which wa^ about the average depth of the 
river; and it was asserted that extended tidal observations w<iuld show 
a decided slope in the surfa^ of tho water at the time of low water, 
when there waa a fair ordinary ebb. Many false tidid residtH were de- 
ducixl &om observations taken by the Coa:^ Guard officers at improper 
phices, and which did not give the true sea-flow. At Shields harbour, 
with eftffterly wliida. the tide was frequently kept from ebbing to the 
€>rdinapy low-water at sea, although there might at the same thn© l>e a 
good clean ebb further up the river; thus making tlie seaward reaches of 
the river appear to have little fall at h>w-water, whilst with a true obb at 
sea a oonsiderable fall would be found to exist. 

It was men^ued that the dmtble tides alluded to also extended alnrog 
the Dorsetshire coast, and tliat they might all fairly be attributed bo 
IocaI rather than to any great oceanic oaudes* One givat forco which no 
.doubt exercisod a powerful influence in th» North ><ea h«d not b«en re- 
ferred to— that waa the current from thK j II ling 
from a northerly towards a southerly dir :.-^ to 
keep back in some degree the tide whit. a ..m...,. .lh y^..^ uniru-u the 
8traitfi of Dover. 

The wave from the westward traversed the W' -t.^Tn ^.^rikiajd of Irelaml 
and Scotland in about eight hours, and the Jv ,ritjl in the same 

period of time. The wave from the north-e4»»'- 1 id to tlie mouth 

of the Tliames made low- water in jujctaptwitiou with high- water on the 
other Bide. It wa^ low-wat^r off the coast of Yarmouth at th«? time it 
*" ' ^ nter at the mouth of the Tliamea: in effect twetity hotirs 
t-^ high- water reached the entire sea^board of Gnrnt Britain. 

A I :-^dand at Arklow— the north-earft and aonth-east points of 

Ireland— there was ioarct?ly any rise of tide. This seemed to show that 
the inter8e*:tion of the revenseii waves took place at these neutral points; 
for it was Iow-wat«r in the oiling N. and S. of Ireland when tt was high- 
water in the narrow Irish sea, and vict vena^ high-water in the otiiiug 
^^^ ' ' vater in the Channel. The same thing occurred in the 

I ' ' r at Portland the rise of tide was only 7 feet, whereas 

al. . — 1 _.j1 and at Dover it was relatively 20 feet and ly feet. 

Again, there was the same extraordinary falling off in the range of the 
tide on the Norfolk coast, for hi Yarmouth roads the rim of ^tde was 
Otily 8 feet, whdHt off Flamb<m>ugh Read it was 16 feet, and at the 
mouth of tiie Thame* it was 16 feet. High and low water at the en- 
tranoB to the Enghih Channel and off FlamlMir^jugb Hearl wovdd alternate 
nearly with the same j>eriods of tide in the Straits of Dover; and Port- 
land and Yarmouth were situated near the intersection of tueh reversed 
waves. 

Attention was called to tlie article * Tides' in the Encjfdofxtdia Me- 
$rQpoiifana, by Prf.>f. Airy, in which it was stated that the(re was a third 
tide in the torth, locally termed the ** Leaky.'' Abo to a pafier *'0n 
iht' Wl of the North Sea," by Mr. Eobert Stevenson, publiphed in die 
Mdm^mnjh PkUosophi^-al Journal for 1820, in which the effect of ehoals 
was discussed, and the conclui^ion arrived at that the ehoals were increas- 
ing, and that there must lie a general rising of thf^ water level, upon the 
afcsiimption that the saiiit; volume of water contiimed to flow into it. 
Tliom? conclutfiona were at v.'^ance with the opinions generally enter- 
taineii on the east coast, as ancient raoords and present appearances went 
to show that the water level was lower than formerly; or at all events 
timt thcTe was a consUlerabJe cliiTbrence between the present and former 
range of tide, as cwmiparml with the level of the land. It waa contended 
tliat the increased range nf tlie tide on approaching the river lliames 
down the east coast was due to tlie iudirKct tide from the north over- 
)nmning the direct tiile coming tlmnigh the Straits of Dover. 
^ In ft*plv. thf? doiibln tidt* in the Solent and at .Southampton Were 
^-' 'HI of HchhI entering the Solent from the wcst- 

T^ ttt-r; and the other stream of flood south of the 

J"' ' ■ - s"^ uiv V M^ Lhe former off Portsmoutli. On the reflux of the 
lAitHt' it took the course of tho Solent, and caused the Recond highwater 
at Yarmouth and other places westward as far as Poole. The Dt>jrger 
Pank actetl In a iimikr manner to the Danish coasts s« the Isle of Wight 
*P tha t of Hampshhe, causing two high-water* and two low-waters from 
^^i Point noffthwards. One tide traversed the oooac of Soothmd 



and Enghuid to Flamboroagfa Head, then passed through the Outer 
Silver Pit, and thence made for Hel^Iand; whilst the other tide from 
the north passed east of the Dogger Bank to the same point. Hefer^noo 
was then made to a series of tidal observations from Heligoland to the 
Skaw, the results of which were communicated to the Adm^alty id ISSS^ 
from which however deductions only had bees made as to the estabUab- 
monf» of different porte. These tides were now plotted in diagrum, 
and it wae apparent that they dindnished in range as they went north- 
ward, the evening-tide being the predominant one at certain periods of 
the month, and showing two high and two low waters on diffetrent points 
of the coast. With n^gani to the idee in the Frith of Forth, it was 
thought a more t«im|ile tlieory could he developed than that which had 
been ftuggeeted. There were three gi^sat streams of flood which entered 
the Forth, one running dowTi the a aal, a second outside the Bell Rock, 
and the third streaim traversing the deep water outside, and having the 
greatest velocity^ entered eariier Uum the other streams. That was the 
cause of the two high-waters, and their ebbing produced ^e two low- 
waters. It wan oonndei^d that the reaaon of the morning-tide being tlie 
highest at one time and the evening- tide at another, and vict vrrm, wae 
sot so much due to the season of the year as to th»' 'i*^'''^ '' " '•<" the 
moon. Assuming that the lov?er morning tide enteri irt 

be the higher evenlng-tye at Heligoland, this on its r ;ljt 

by tlie entering evening- floodf woulil be thrown into the Frith ui Ff^rth, 
and tice vrrta^ cansing the irregularity in the diurnal curve, on which 
there had been much discussion. In reference to the co-tidal lines shown 
on Dr. Whewell's charts it wan suggested that the contouring of the bot- 
t'>m of die sea shoid<l be a {rriiuary object, as unless that were done just 
conclusions oould not lie arrive*! at, 

A series of observations htid been mivle on the rise and fall of the 
water at the Three Crctwn Battery at the eutrance of the harbour of 
Copenhagen, extending over a period of twelve years, from wldcb a 
datum or daily level had been d»^uc©d. By condensing these observa- 
tions mto months durinjr the years 1868 and 185©, the following wai 
obtained: 1. That for eight months in the year the water varied fwrn 
1-885 foet -t- D.W. (daily water) to 1623 feet — D.W. := a range of 
3 '50$ feet. 2. That for three monthH in the year the water varied fanjoi 
2-008 feet + D.W. to 1'885 feet — D.W^ =:'a range of 3 088 feet. 8. 
That for the remaining month of the vear the water varic-d fecaa 
3*147 feet -|- D.W. t<^ 3109 f«^t — D.W. = a range of fi'25« foet, 
4- That during the la^t-named period, for some four or five days in the 
year, the water varied from 4'42 feet -f D.W. to 41 P6 feet — D.W, ^ 
a range of 8 '61 6 fefet. These effects were protluce<l from the action of 
the wind in the North Sea and the Sound on the one hand, and in the 
Bidtic on the other. 

It was noticed tliat at Copenhagen, whilst the water was only brackiBli, 
and indeed almost frci^h, when there was an outset from the Baltic doe 
to the prevailing wind, yet the water fr«m the chalk at a depHi of 25 or 
30 feet had been found to be quite salt. A a to the Doggpr Bank, it was 
FQmarked that the effects of the waves upon the detritus carried along the 
Hhnre of the eastern coast of Kiigland Imd been can^fidly watched; when 
it ^'as found that in calm weather "with off-shore wintls the sand accn- 
mnlated along the Httoral, and with on fihore gjdcs it was wa**lied away, 
and transported further south. As to tho material of the dttftrut^ refer- 
ring to the geological map <>f England, attention was called to the snc> 
ces^ive dep<i8itH of the old red sandetoue, the mountain limeaione, the 
millKtone grit, and afterwards the ooal measures, at thU time tba whole 
of the eastern coast of England Iwing under water. T' 'he 

new retl sandst^me, tlu> oolite, and the chalk, In En. .r- 

mations came from the norths and th- i.^r^'nit of tli j. .., .. , vaa 
brought frcm tho same dirfrction, fon '*al« on the coai«t of Nt>r* 

folk and the Trigger Bank. Tt was ' i; tt there- must Iw cmTenta 

ovfr that bank, though not bo strong a** in the deeper wat^r, as it was 
covered with water, and the flood miade in one direction and the ebb in 
another. In conclusion the hope was exprwised that engineers locally 
connected with harbtJur works, and those ako *?ngaged on railway* in 
immediate connection with harltQurs^ would take the levels from the 
Ordnance bench-mark to the established high-water of the place, when 
the important question could be solved, whether the sea was level at 
low- water or at half -tide. 

In closing the discussion it was remarked that it was immatcria] to es- 
gineei^ how the Dogger Bank was fonned, or whether it wa^- ib- 

Biding, provided neiflier effect wan likely to take place ff >r man ' < ». 

But there was no q'.. :' hd engineering i; lie 

North Sea posaeasetl ' reet, and Its ph. re 

worthy of attentive f ... .... \i .... njspoct f^ tb^ «; to 

there being a diurnal variation in the tide at < ' ut 

of 7 or S feet, it was thought tliat it should bn? i .ua, 

nfi the whole effect in narrow t«eaf am^ from the iva\tifi ^.rf i'lm uc«aa, 
and was not dependent on lunar influences, and could only oceiir at tlie 
time of high winds; but there might lie auch a variation at - r s. 

It was urged Lliat then; wna no surplus flow of wak-r i t 

from the B:dtic into tho North Sea; and that all the currcn.^ .. ... ^J^i- 
noro were owing to the prevjding wintls. Prof. Airy had shown that the 
tides upon the east coast of England were owing entirely to the north 
wave coming round the Pentland Frith; whereas the tides on the coaat 
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of HollADd w«ro duB to the wavot tnTeOing^ up iht EngUih Cfaatmel. 
Thi iMha» <m the e«iit ooaat wcire remarkAliy uniform^ excepting when 
influeticed by ciPcunutAniset, Hi at Yiyrmouth. The extnhoirdiaary jjtac- 
tlc33kl rcaulta of tho witirltides were tbea cotntnenteiJ upon; atid it wne 
rvm&rkLnil, thnt while t in the Thamea it wibs only iiGrci*«r»ar}' that tlie banks 
ahcjiild h*i 4 feet abi>ve hlgh-Wiittir^ yet in the ScliehJe ^xit\ ilvts Whtt, and 
ail idoDg the coiMit of JuUiuu], II and 13 feet had been found iztnuffi- 
eient. It WM thought that any current over the Dog)^ fiimk innHt be 
» light one. and qutt« incapable of conveying «»nd from ths ehore to it. 
It wu evident that there was a gn^at uechanical action going un in tite 
^ortb Sda; as there waa a conaicierable current ruunin^ to the eaai from 
ih» Dover ooast to Cliri«t'uuiia and the Na». Th*t current waa ooo- 
•taat, and itv intensity varic'd with the force of the witul, which woe 

g«tmiij w.aw. 



COLOUR ROUND STATUES. 
By John Beix. 

While however, for the reasons alrcmiy (?iveD|* I am opposed 
to placing varioits coIoutb ou a stAtne, especially a marble one, I 
have no idea of tinderratiDg the value of colour in connection 
with statueg. On the contrary, I am snre that this aubject of 
the aasociation of various treatmente of colour with statues baa 
not received nearly the study and attention it deaervea My 
•difference with the Btitue-poJychromists is not that I do not 
desire colour and statues together: in that we both ap*ee tliat it 
should be so. Oar differeuco only exists m the mode in which 
this should be done: thoy desiring to place colour on the statue 
itself, so as to niiike it hanuouiae with the suiTounding objects; 
vhile 1 anbmit that this harmony is to be etfetrtetl far better by 
Other means — namely, by arranging mich colours around the 
statue as require the natural pure, creamy, serai-tran3|)arent, 
local tint of the marble to complete the composition of coluur. 
And the same, mutatii mutemdUt may be said of statues in bronze, 
which is indeed a quality of colour fre<juent in the finest paint- 
ings, OS in those of^ Titian and Giorgione, and in the landscapes 
of Claspar Poussin, and our own Wilson, Crome, and Turner. 
it Is thus I conceive that the picture should be made up, with 
the statue as the eye of the comj)oaition, and that the surface 
of the statue itself slionld not be deteriorated by any colour treat- 
ment; wldch, if once commenced, you know not where to stop, 
and which, if treated up to the full colour of flesh, only makes 
the statue look like a wax image. 

I do not attempt to enter now on the treatment of colour with 
gtatues in edi6ces of which they form an illuatmtive and inte- 
gral part. That were a very wide field indeetl^ inchiding the 
whole aubject f»f architecture, painting, sculpture, and decoration, 
and their relntion — enough indeed for several addres&es. On 
the present occaKion I limit myself to that part of the aubject 
alone which attaches to the treatment of colour with statues in 
art exhibitions, under such arrangements as are practlcal»!e on 
such occasions. A few weeks ago I touched briefly on this sub- 
ject in some notes I read at the Department of Art, Kensington, 
entitled "the Four Sisters;" but perhaps you will permit me now 
for a few minutes to go into more detiuL The more so, Inas- 
much as I subnut that the inadequate treatment of colour in 
connection with sculpture has Kitherto formed an important 
item in the shortcomings of our current exhibitions of this art. 

The situations in which, round a'statue, colour presents itself 
are — below it, l>ehlud it, and above it; on the floor, the back- 
ground, and the ceiling. Of these, of course the background h 
the mo«t import/mt to the statue, as it is that against which it 
is seen, and which contrasts immediately with its outline. Now 
it has been the prevailing custom, nt least till quite of late years, 
to make this contrast a very strong one, and for this purpose a 
very strong dark red has been the fivourite colour, as at the 
Boyal Academy. I conceive this to be an error, and, as far as I 
bave been able to influence decisions on the subject, I hitve done 
my best to introduce a chitnge. On being called on, at the time 
of the great Exhibition of 1851 in Hyde-park, to arrange tlie 
British fcMJulpture there, I made it a stipulation that I should l>e 
allowed to depart from the violent re<l u^ed ami proposed op to 
that time as a background for statues, and to select a modified 
tint. Again, in 1655, beii ved with Mr. Redgrave, by 

tlie Board of Trade, to -r British Sculpture in the 

International Exhibition in luris, i use*! the same colour, which 
however on that occasion was seen under every disadvantage, 

* 8«t eiili psfQ 108. 



from the darkness of the room allotted to that purpose. Since 
this, a similar tint has been adopted in the exhibition of British 
Sculpture at South Kensington. Also it has been partially used 
in the Crystal Palace at Sydenham, as a background for some 
of the ancient statues, and I believe that portion is best liked. 

Thus it mav be said, I think, that thia treatment of tint has 
been to some degree eudorsetl by experience* This colour is not 
in a violent key, but a mild one. being a middle tint — a warm 
grey, not too dark or sombre. ThiB, while it affonls a sufficient 
relief for the outlines of the figures placed before it — more how- 
ever from its atmospheric cbaractei- and quality of retreating 
fi*om the eye, than from its direct oouU'ast — softens the outlines 
agreeably, and makes the forms before it look round and fleshy, 
ll you notice the etfect of flesh in nature, you will iin*l the 
outlines never harshly projecting from the background, and in 
fine paintings accordingly yon perceive this natural softness imi- 
tated. If we desire thei^fore by a background to gain the same 
agreeable appearance in statues, why should we not use simtliir 
means — viz. by a softening of the outline? If the background is 
such that the edges of the statue melt into it, then the statue 
looks round, and like nature. But ifi ou the other haiid, the 
bockgruuud asseils itself too mueh, and tumbles forward, as a 
strong red h apt to do, instead of retreating, like grej*, and is 
moreover harsh and violent in its coutrast8, then the outlines of 
the statue all round are thrown out upon you, and the figure 
looks flat, harsh, and unnatural. You know how inferior is 
the appearance of a plast*:r statue to that of one in marble, 
gi-eatly from the opacity and therefore harah edges of the one, 
and the seini-trnnsfjaren cy and comparatively soil edges, like 
those of flesh, of the other. Aa a conseouence, by a harsh 
treatment of background you may thus made a marble statue 
look like a plaster one. While on the other hand, by a suitable 
tender background of sufficient contrast, and of a retreating 
atmospheric character, you may make a plaster statue loot 
almost like a marble one. For this purpose delicate mixed tinta 
are more appropriate than any more positive. However, pray 
do not c^)uct'ive that I consider this individual waim grey the 
only colour suitable for the background of ^titues. By no means 
is this the ciijse, and I only put it forwartl as one example of 
the class of colours, and not the sole oolour, suitable for this 
purpose. 

The material however in which these colours are presented it 
also important Teat tu re is important as wpU aa tint. In theae 
easea no material perhaps is more favourable for the background 
than drafiery of some uiiglazed material, arranged not rigidly, 
but in easy folds, w^hei"ebv it affords a more natural adjunct to 
the statue befoi^ it; its lines being adjusted so as to cumposa 
with the lines and masses of the statne, thereby advantaging ita 
effect. Let us suppose the drapery woollen, of some simple rich 
texture, and graceful fall, and of some tender atniospheric tiiit, 
and let it be suspended along a wall space to be occupied in 
frtmt by a few sUtues. Let ihe drapery hang comparatively 
pUiu ill. ' 'v behind each statue, but in the intervala 
betwe*ij ed somewhat together, so as to form colunmar 

l^erpeudiuuj.Li ijiid. Thus is a semi-nT-^-' *""' "^tWct attained 
without rigidity, in which plain pane! behind the 

statues, r»T.<i ...htifijis between them, i,-^ -.....: -. this is plea- 
santly r * i yet gracefully varied, and is capable of the 
most c:; , aion to the various breadths and scales of 
statues or groups placed before it, and also to any changes of 
their places which jntiy occur in the coui'se of an*a©ffemenL 
Taking this as an f the principla of arranging drapecy 
Hi) a background i .it may be re^coguised as capable of 
practice in sv many w,»y.i, iu simulation of forms of aiThiieeture, 
as to suit it to the exhibition of any Kinds or classes of sculpture. 
^o doubt whejj a statue is composed especially for some express 
architectural space in a building* it ought to look best ther9, 
ftssociatt ' ' '' ' '' ^ r which it is designed; 
but in e lines is comparatively 
unr-*'" v,.,«t..,. ^itb drapery 
acr 1 'rma, in re- 

latiL^ ._ .... i^jiied, and ii* 

whic h congruity i 

This also ia n sculpture, imumuch 

as thereby a ^: round is ^rmed 

and com|)oat ' i u of nature's sky 

and clouds beiiiiid a porUuitoi ligu*e iu a picture, whereby this 
principal object is enhanced. On several occasions I have sug> 
ge&ted this mode of enhancing statues by nmple drapery ba^li- 
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E[»aiick, ft&d cm more than one odIt ooii<ideratioii9 (vf expeoBO 
v\e prevented it* being adopt«l. it wUl be recognised that a 
inere flat tint, distempeml or painted on the walla, ii not calcn* 
lated to give mach idea of the dBfect of the same tint presented 
with the variety and grace of drapery, and therefore it were pre- 
judicial to judffe of the ultimate effect of drapery except by 
drapery iteelf. in the Lonvre, behind the famous fragment of 
the VaoQS of Mebs, drapery haa beeo hnng with excelJent effect, 
and aeata are placed at the beat points to view it frooi^ — a mode 
which, in a ^lery of exhibition, has many advantages. Bat the 
background is not the sole consideration, Sopposing in a statne* 
gallery a warm grey has been adopted for the background, and the 
creamy-white statue stands before it — we have then to complete, by 
the choice of tints for the other parts, the composition ol colour. 
With this startiog point of warm grey for the background, I 
believe that the pedestal of the statue might well be covered 
with cotton velvet of a deep bronze grwu. The floor on which 
it rests might then be stained deep red and black, of a mosaic 
character, as seen in encaustic tiles. The ceilings might then 
receive some light delicate r^reating atmospheric colour, with a 
little yellow introduced, which were best done by light gilding. 
This is one key of tint for the arrangement of light-coloured 
atatnes, which will rarely, I believe, disappoint the eye. Per- 
haps it is sufficient as an iUustratioo of the principle I advocate. 
In cases where statoes are darkened and embrowned by time, a 
difEftrent key altogether may be required. This however is the 
i]saeon which I have received for the intense, and almost fcmace- 
like colour placed behind some of the darker works in the British 
Museum, 

The whole question however of the effects of statues with 
colour presupposes a good lipht^-namely, for most statues, at an 
angle of 43 degrees or thereabouts^ — ^falling on them from above. 
Eecumbent statues are more favoured by a lower li^ht, shmting 
down so as to show the features. Coloured lights, as in the Napo- 
leon tomb in the Hotel dee Invalides, in the Princess Charlotte's 
tomb in the Chapel at Windsor, or in the Anndne room at 
Frankfort^ may not appear oonaistent with the dignity of art. 
In the case however of their being admitted as an aid to effect, 
aa WIS probably the case in the Greek temples, all the other 
ai^ustmenta of colour might have to be reconsidered In these 
remarks I only contemplate uncolonred light 

As regards bronze statues, a positive xey cannot so well be 

S'ven, as their tints are vanons, extending from dark Florentine 
Yjnze to the light golden bt^owns of Paris. However, as a 
gsneral suggestion, it may be remarked that a golden green is 
usnally an harmonious background for a bronze statue. A 
polished black marble pedestal also is effective in taking the 
dark uut of the bronze which stands on it, lighting up its 
ikidows by oontrast In the absence of black marble, a covering 
of black velvet affords an agreeable substitute. In the imme- 
diate neighbourhood, vigorous warm colours may come in agree- 
ably, aa a Turkey carpet on the floor, and hangings around of 
rich velvet looped up with gold cord. 

As a general rule, perhaps it may be said that tender colours 
in the background harmonise beat with marble statues, and full 
colours with bronase, as we see the dark races the most attached 
to brilliant and powerful tints. With marble statues^ delicate 
greens, azures, and purjJe greys, citrons, lijiics, and chocolates, 
supply charming backgi-ounds, the effect of the composition of 
colour being of course supplied by the other adjuncts. It may 
however be held generally that there should always be some 
strong colour some wh era. Of course these modifications of mixed 
tints are iu art almost ineihaustible, as they are in nature. Yet, 
in connection with this subject of the due exhibition of sculpture, 
they require special means and soope for their presentstion. 

As 1 observed just now, I have on this occasion only had the 
opportunity of considering at all closely the subject of colour 
and statues in exhibitions. The same general oonsideratious 
however hold when they are associated more intimately and sub- 
stantially with architecture. Thus I would hope that, although 
rsatricted by mv limita from going into the whole subject, the 
portion now taken to some degree illustrates my whole view 
— namely, that while the harmony of colour of statues with their 
entourage is higbly important, that this does not ncceHSarily 
entail the desecration of the snrCace of the statue itself, but 
that, on the other hand, this is more justly to be done liy so 
selecting and adjustiug the surrounding colours that they may 
require the natural tint of the marble itself to complete the 
picture. 



The amn^ement together of Paintinfa and Smtpturg. 

1 am now n^irly at an end, and have but few more words to 
add, which however will take us a little beyond the consaderatioii 
of culour as merely subordinate and eobsidiarj to scnlptureL I 
now allude to such cases wherein colour is presented by th« 
sister art of painting, when exhibited together with sculpture in 
one and the same gallery. First, however, we will give a pre* 
liminary thought to thai mode of the presentation of painting 
which still may be considered subsidiary, only however trom 
the method and material in which it is worked — I mean tapcstery* 
We well know that Haffaelle did not consider his master-mind 
and hand debased by designing for tapestry. The noble cartoons 
in Hampton Court are a sufficient evidence of this, having beea 
executed by himself and his aasistants expressly for this purpose. 
It b not however because the colours are produced in tapestry 
by the neeflle or loom instead of the brush that I speak of it as 
subordinate, but only in accordance with general custom, Pic^ 
tures in fine needlework as hangings have usually been con- 
sidered of the nature of furniture as well as art. Their textile 
rich snrfiice expressly fits them for their subsidiary purposes. 
We may well suppose, for instance, that a beautiful da^c ^np 
in Parian marble of Cupid and Psyche, would i^ppear admirably 
on a pedei«tjvl of polished sienna and other marbles^ standing in 
a room which should be surrounded with rich tapestries por* 
traying their story, aa told by Apuleius and other classic anthoiSr 
Actually in practice indeed, tapestry, with its varied hues and 
texture, and subjects of interest, will o(^n unite admirably with 
sculpture, as some of those present may have had the oppor- 
tunity of observing* 

W« will now however pass on to the harmony of works of the 
two arts, piinting and sculpture, when they meet on a level of 
direct equality, as iu galleries for their reception. This is » 
p<:>int not for the sculptor alone to consider, but also for the 
painter; also for the general art-lover; also for the public — for 
opinions are various on this point. My own is that they mav 
be made to harmonise ]>erf^ctly in combined exhibitions, whicn 
thereby may be made the more attractive. Still, however, I 
conceive that this would require special arrangements, so that, 
on the one hand, the white tint and brilliancy of the marbles 
may not injure the effect of the pictures by too close a juzt*- 
position; and, on the other, that these may not injure the effect 
of the statues by the cross-cutting lines of the gold frames which 
surround them. Therefore, as a general rule, this might point 
to the conclusion that in a picture-gallery where sculptures are 
introduced, the latter should be at intervals, where special ar- 
rangements should be made. In the ceutre of saloons also, suck 
statues and groups aa look well in a downright line might well 
have situations; also at the meeting of cross-ways; aUo basts, or 
even statues on each side of doorwaySf but in these cases it would 
appear that they should have suitable backgrounds afforded by 
draperies or other materials. 

Of the direct association, however, on a digniBed ecale, of 
works of p anting and sculpture of a high class, but few exam- 
ples exist in galleries of exJiibttion. Those wliich most readily 
occur are afforded by the celebrated Uffizi gallery at Florence, 
This wan adapted by Va^ri, in the e^irly part of the seventeenth 
century, to the reception of works of art. It consists of two 
long corridors and about thirty rooms, in which works of paint- 
ing, sculpture, and decoration are variously arranged. The 
Ninbe room contains that well-known series of Greek statues. 
It also con tains some historic piclui-es by Rubens, some por- 
traits by Lely, and some hunting subjects by Suyders. The 
Uioat celebrated apartment however iu the Uffizi galleiy is 
tlie Tribune, which also affords the best example of the 
exhibition together of works |of the two arts ; the works 
therein exhibited are of the highest excellence, reputation, and 
value. The works of sculpture contained in this room are 
five in number^ — the celebrated Venus de Medicis, the Apol- 
Htjo, the Dancing Faun, and the group of the Wrestlers, 
Boxers, or Pancratiasts, as they are variously called; also the 
Knife-grinder or Slaye whetting hia knife, The pictures ara 
almost of equal celebrity, and are from forty to fifty in number* 
Among them ia one picture by Michael Aii^elo, and several by 
Raffaelie; as the Madonna with the gohl finch, St. John preach- 
ing in the Desert, and the portraits of Pope Julius, of the For- 
narina, and of a Florentine lady. Titian also has here his 
celebrated Venus, also another Venus, and a portrait of an 
archbishop. Puul Veronese has a Holy Familj^ with St John 
and St Catherine. Also, there are examples within these walls 
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of tbe worka of other celebrated painters, as Annibal Caracci, 

Spaguoletti, Goercino, Daniel di Yolterm, Correggio^ Andrea del 
[ Barto, and Vandjke, as well tm the grand Isaiah and Job, by Fra 
I Bartolomeo: so that this room preseuta an associated exhibition 

0f works in both the arts not to be surpaaaed for beauty and 
I axoeUenoe, Although I acknowledge I have met with some who 

liave taken exception to the arrangement of this room, yet by 
I moat it is highly admired. I think it may be said generally to 
[' be by far the raoat in teres tio^ room of art in the world. One 
I more often hears it spoken ot, and that with high admiration, 
[ than any other room of art, and in this the worka of painting 
' and sculpture are associated, 

Thei*e are on the Continent some other examples of galleries 
I of exhibition (for to that section I restrict myselfX in wliich 
(works of painting and sculpture are associated more or less 
j bappily, Occasionaliy also, on a very small scale, we have seen 
Itiiia done in LondoUf as nt the British Institution* Also^ in the 
I Jnternational Exhibition in Paris, in 1855, this was done with 
I good edect In some degree indeed we set the example oo tliat 
lliccaaion, aa meutioned at page 81 of our bound reports of that 
rExhibition, in which it is stated — "After many applications, 
|the Imperial Commission at length assented to statues being 

5 laced down the centre of our picture-gallery: when arranged, 
tie general e0ect was ao satisfactory tliat it led to a like treat- 
iVLent being adopted for foreign statues in the correspond iug 
ipalleries of the building,'* Thia theory however of combination 
J IB, I oonceiTe, capable of much more development than it has as 
1 |et attained; ana that iu pmctice, with due attention and scope, 
r the exhibition together gt the works of these two sister muses 
le( the fine arts may be made eminently attractive and complete 

I In effect, perhaps more so than by any other method. As such 

II would submit it ils a worthy subject for discussion* 



DEFLECTION OF SUSPENSION BRIDGES. 
By HoMBHSHAM Cox, M.A, 

The following investigatioD of the deflection of a suapenaiou 
bridge due to a deflecting weight placed at an aaaigned point of 
the bridge, is applicable not only to the case of a cliam of uniibrm 
thickness, but also to the more common case in practice of a 
chain of varying thickness. It is believed that no mvestigation 
of this subject has been published. 

The method here adopted is necessarily approximative, as the 
ibrmulro of catenaries are so complex, that it would be impossible 
to treat the subject with rigorous exactness. But the closeness 
of the following approximation to the tnith is probably rjuite 
sufficient for pmctical purposes. It will be here supposed that 
the points of suspension are fixed and of equal altitude; that 
the platform is perfectly flexible, and subject to no horizontal 
tension; that the deflocting weight produces a variation of 
the vertical distance of each point of the chain below the points 
of suspension which is small compared with that distance; and 
that (as in practice) that distance is small compared with the 
horizontal span of the bridge. 

het the amall arcs 1q Fig. 1 represent a small element of the 
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length of the chain before and after the deflection rBspectively; 
R,r the radii of curvature of those arcs; 0,o their centres of 
oorrature; <i£f their length; mg<U their weight; ^,<^ the inclina^ 



tions of the radii of curvature to the horizon; T, t the tangential 
tensions acting on the element before and after deflection respec- 
tively; C, c me horizontal tensions before and after deflection 
respectively. 

Then, since the horizontal tension at every part of a catenary. 
is the same, 

T sin ^ = C ; t sin ^ = c (1) 

The angles S^^ ditfer little from each other. Also sin^^ Bin<^ 
do not greatly ditfer from unity ^ since the inclination of the chain 

sin ^ 
to the horizontal is everywhere small Consequently, t—r 

diflGers from unity by a quantity which is small compared with 

unity. 

T C 
Til erefore approximately^ — ^ — (i) 

Kesolving along the normal the forces acting on the element, 
we have 

TdB=nigdi sin B; td^-^pigds sin ^. 

And as before, putting the ratio of sin B to sin (^ equal to unity, 

^-"^ Ca)' 



Therefore from (2) 



dB 



lt=?,ai.drf(*^^^.2^d^ 



dB 

C — « 

Integrating equation (4), ^— ^ = * ^ + a constant 



(4) 

It is to be observed that m is not hero as^ume<i to be constant; 
BO that the result is not confined to the common catenary. It 
may be adiled that the relation between B and ^ may be found 
by an integrable equation, without assuming sin B -=. ain^. 

In order to determine this constant we rni^y proceed as follows: 
Let the curve, Fig. 2, represent the deflectea catenary; W the 
deflecting weiglit acting at an assigned horizontal distance 
AD=:a from the point of suspension A. Let AC^CB— A. Let 
the depth b<^low AB of the middle point of the chain be k. The 



^v 



tension at that point is not horizontal, but has a vertical compo- 
nent; let this be V. The horizontal component we have already 
designated c. Let the half chain suspended from A have its 
centi-e of gravity at a horizontal distance b from A, and let S be 
the weight of the half chain. Then taking momenta about A for 
the equilibrium of the half chain, we have 

As the displacement of every part of the chain is small, the 
diflerencG between the quantity k and the value of that quan- 
titjr before deflection is small compared with k. The same con- 
sideration applies to h. We may therefore define Af to be the 
depth below AB of the lowest point of the umieftected chain; and 
6 to be the horizontal distance of the centre of gravity of eitber 
half of the undrft^cted chain from its point of auspension- 

Taking moments about B for the equilibrium of the half chain 
suspended from B we have 

From the last two eqnationa we get 

W;a = 2V.A; W.a-h2S.5 = 2e.i^. 

From the last equotion, putting W— 0, 

S , 6 = C . A. ' Therefore Y,k^ (c— C)/. . 

Whence V.A c-C 

7T = — • (^ 

Let o be the value of (^ for that part of the chain which is 
horizontal before deflection. Since for that part of the ch; " 
c=.t sin a and Y=t oos a, 

— ^ cotan a = tan(-- — oj— •? — *» nearly, 

since o is nearly a right angle. Hence 
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...(7) 
Betorning now to eqnatioD (5) we have when ^ is a rij^t angle 

a—— = — . — 4- the constant 

3S Cm 

Therefore from (7) the constant =ttlZ^ (-z^ T )> «*<^ ^^^"^ 

c \ 2 a / 
lion (5) becomes 

Let the curve be referred to rectangohur co-ordinates, the origin 
of co-ordinates being the lowest point of the undeflected chain, 
and the axis of or horizontal Let «, y be the co-ordinates of the 
element before, af^jf \\a co-ordinates alter deflection. 



tksllj, for if the origin lie at a dktaaee e below ttia lowMt 
point of the eateoaiy, and 



-J- =8in^, 

d9 * 



dy_ 
di 



oob6, 



= eoe^, 



cos ^=cos[(^^— ^-f fl =costf— (^— flsin tf neariy, since 4^-$ is 
smalL 
Hence from (8) . 

-di-ds^ -r\i^^")'^^ ...(9) 

Now df is equal to IW», and since the radios of curvature is 
everywhere large and varies little, we may integrate the prcce- 
dmg equation, assuming B to be constant 

rf(y-y)=-Bi«^(|-tf-|)sin^ 

y'-y = E^^|(|—ijoos^-^cos^-f8in^}+a constant 

I^t the value of 6 at the summit of the chain be ft then since 
at that point y'-y is zero, we have from the last equation 

At the middle point of the chain, where ^ is a right angle and 
cos ^ is zero, the deflection is 

or, to express the deflection in terms of the inclination of the 
curve at its summit to the horizontal line, let the angle of that 

indinationbey = -. — ft Then the last-mentioned deflection is 

^~" |l-cosy-siny(y--)J 

When TX is taken as constant^ B(l— cosy)=:ik and Buny=:iL 

2hk 



B 



B 



Hence we may readily show that sin y =r : 



Put sinyrry 



in this expression, since y is very smalL Therefore the above 
expression for the deflection at the centre of the chain becomes 

an expression from which the deflection at the centre is easily 
computed. The deflection at any other point may also be found 
from the general expression for the deflection bv substituting 
for 008 3y sin 3, and B their equivalents in terms of the rectangular 
co-ordinates of the point of which the deflection is required. 

The mode of computing e and C is given by the equation (6). 
It may be observed that m practice these tensions may be com- 
puted with sufficient accuracy hy assuming the centre of gravity 
of each half chain to act at a horizontal diSance from the summit 
eoual to the quarter-span. This is the position which the centre 
of gravity would have if each half of the chain were rc^giuded as 
a straight uniform bar, and the deviation of that assumption 
from the truth produces no considerable error. We have thai 
for the undeflected chain the following simple formula for the 
horizontal tension: — 

Horizontal tension _ quarter-span 
Weight of half diain "" total rise of chain. 
In the common catenary this result may be obtained analy- 



r= I (••+."•) 



ffinee — is veiy small, we have by expansioii 



jr = « + 



^ newiy, ore. (jr-€) = #.- 



which is die equation which would be obtained by eqoatinff the 
moments about the summit of the forces acting on the nalfSain, 
and assuming the centre of gravity to have the position last 
mentioned. In ordinary sospenaion bridgei^ in idiich the diain 
is somewhat more massive at the highest points than at the 
centre, the same equation is ai^iroximately comely for the varia- 
tion of the massiveness of the chain is not greats and it brings 
the centre of gravil^ <tf the half chain rath^sr nearer to the point 
of suspension than is the case in the common catenaiy, in whidi 
the centre of mnavity is at a distance from that point somewhat 
greater than the qputer-spn. Fn»n the last equation it appears 
*u-i. *u — *. : . — 1 — -J j^ ^^jy nearly a pandMUL 



that the catenary in practical < 



ON ABCmTECTUBAL COMP£TmON& 
{Gmiimmtd from page 108.) 

It is a thankless task to detail grievances or evils for whidi 
there is believed to be no remedy; and had we eonsidered the 
disadvanlges of the competition system as at psesent prsvakiit 
among us to be such ss admitted of no modlmation, or so inti- 
mately connected with the whole sjrstnn that there could be no 
reasonable hope of their removal, it is probable that we shovld 
not have drawn attention to tb^n. It is because these things 
are not indispensably necessaiy that we have thought it right to 
make them matterm inquiry; and it has been tlmmghout pro- 
posed to conclude these obs^rations with some suggestions for 
the improvement of our practice in this respect 

Clesriy the public are not to be expected to take the initiative 
in sudi a reform, although no reform can be of use whidi is not of 
a character at once to influence and to be influenced hj the 
public On the general body of architects lies the onus of initia- 
ting improvements the necessity for which they alone can taHlj 
appreciate. To public opinion, convinced by uieir representa- 
tions, or if necessary overpowered by the attitude they take up» 
remains the task of giving weight and effect to the measures 
proposed. 

We have then these (questions to solve — ^first^ How is unanimity 
of feelinff and action m relation to competition to be attained 
amonff the members of the architectural profession t — secondly. 
How best are they to influence public opinion ? 

There can be no denying the truth of the statement^ that were 
all the architects of Great Britain to concur in pursuing one 
course with r^;ard to any part of their practice, the public would 
be obliged to perforce submit to their determination. For ex- 
ample, were it unanimously resolved by them, and the reaolit- 
tion uniformly carried out, that no one should enter into a com- 
petition where the execution of the work was not unconditionally 
promised to the successful competitor, it is eas^ to see that this 
would become an universal rule of all competitions, simply be- 
cause no drawing would be sent to persons inviting them with- 
out such a condition. A moment's reflection will however con- 
vince any thoughtful person that, however simple a mode of 
settling the question tnis mav appear, it is an impossibility to 
put it m practice. Such unanimity on even a single point would 
DC unattainable, and even if possible, unless the step received the 
concurrence of the public, could not Ml to be speedil v overthrown. 

What we have to look to then is, not a perfecUy unanimous 
action such as shall prescribe a course which the public cannot 
choose but follow from necessitnr; it is rather such an agreement 
as, while making action in the main nniform, shall exert its 
influence powerfullv on ^e public mind. For this agreement 
nothing more woul<i be needed than a raising of the standard of 
the profession, and a cultivation of more of that professional 
feeling which among the legal and medical bodies does so much 
to promote uniformity and respectability of practice. Both 
these things are in progress — ^they are of slow growth however; 
and although perhaps it may be true that till they have come to 
maturity no entire and radical rectification of our system is to 
be hoped for, a quicker thou^ less comidete method ol action 
seems to ofier itself in combinations of members of the aame 
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profeeaion into societiefl, or in other forma of collective delibe- 
ratioQ aiid actioD. The moat high-mi&ded aud the moat cq- 
lighteoed often succeed in exertiDg an influeDCie over ptiblic 
bodies sutch as causes the action of those bodies — nay, even 
their deliberationa — to rise above the atandard natural to the 
majority of those constituti&i^ the asaembly; while, in a leas 
degree, the public press enjoys the privilege of exercising aome- 
thiug of the same influence over a liuve circle of readers, 

To the mHuecioe of existing societiea thea, and especially to 
the action upon those bodies of the most enlif^hteoed of their 
membera, — to the formation of new societiee or a new society for 
the express purpoae of regulatiug competition and other luattera 
of pnictice, — and to the iuHuence of the public presa^ we look for 
the first steps in the way of improvement. 

Here it may not be out of plaoe to observe, that the existing 
societies have as yet done but very little indeed to dear up the 
question^ and that there aeems ample scope for the lately pro- 
posed scheme of an ** architectural alliance'^ among all existing 
architectural bodies, having among its leading objects the regu- 
lation of professional matters such as competitions. 

If any one society, or the associated societies, or any other active 
nucleue, would set iUelf to work to ascertain what the viewa of 
the profession are upon various points, so as to be able to publiah 
a concise statement of them where they agree, and to promote 
discussion upon them where they differ, the tirst step would have 
been taken. Could a decision be arrived at upon even only one 
or two points, and printed, and the adherence of a large number 
of architects obtained, — such a document, even though not includ- 
ing a pledge in so many words to compete under no other terms, 
would yet carry unmenae weight with the profession, and if means 
were taken to ubtain a wide circulation for it among public bodies 
and in all the leading journals, there can he little doubt that it 
would be no less powerful in its influence upon the general public 
Suppoaiiigi for iuBtauce, such a paper as the following to be ex- 
tensively and influentially signed: **We the undersigned, being 
engaged in the practice of architecture, consider that it is indis- 
pensable to the equitable and satisfactory conduct of architec- 
tural competitions that the following regulations should be 
observed by those engaged in them and those having the direc- 
tion of them" — the regulations subjoined to it would no doubt 
be conatantly adopted, and for the most part adherod to. It 
would be desirable that these regulations should be few in num- 
ber, ahould have reference to e^ssential points only, and should 
be such as would command general assent — disputed points 
being left out of them altogether. Possibly the following would 
comprise all the points upon which a nearly unanimous agree- 
ment oould be secut^d, and perhaps even fewer topics ought in 
the first instance to be introduced: — 

1. That the successful competitor should be the architect of 
the building, upon the usual terms, 

2, That the drawings be sigued with their authors^ names in 
any case whet^ a professional jndge is not enipbyed. 

3, That in all cases professional assistance be obtained to as- 
certain that the plans submitted can be executed for about the 
amounts estimated; and ordinarily such assistance ouglit to be 
sought in the entire decision. 

4. That any inMngement whatever of the rules shall absolutely 
exclude a set of plans from the prize. 

6. That all plans submitted shall be publicly exhibited after 
the award is made; and, if they have been sent in with mottoes, 
that their authors shall have an opportunity of affixing their 
names. 

Supposing even that no opportunity for concerted action of 
this description occurred, or that such a paper as the one we 
have suggested were found impracticable, it is at any rate certain 
that such views^ if advocated at the meetings of the various 
ai-chitectural societies, and especially if promulgated by the 
Boy.'d Institute of British Architects, oould not remain alto- 
gether without influence, and it is above all things desirable that 
the subject should be extensively and intelligently diaciissed. 

How far the management of competitions is to be improved 
dMMfids, we repeat, upon the conduct of the profession and the 
inimenoe which the profession can exert upon the public; and al- 
though litigation in always a troublesome process for those actually 
engaged in it, yet it cannot be forgotten that sometimes a single 
decision of the oourta exerdsei a great influence upon the public 
«— very many things are generally known only through the fact 
that they have formed the subjects of conspicuous trials, and we 
cannot help believing that an architect — or all the unsucceasfol 



architects^n some competition where a notorious breach of 
the preliminary conditions may have occurred, woidd not only 
be iiiatiSed in proceeding legally against the managers of the 
undertfiking, but would confer an inestimable public service 
upon their fellow-architects by their doing so; nor is it too much 
to say that instances have occurred, and will occur again, where 
it would be right for a public fund to be raised m order to 
establish the right of competitors to a decision in accordance 
with the conditions under which they were first invited. 

Two former attempts to introduce thia subject to professional 
notice deserve a record here. The flrst of these was a discus- 
sion of It some years ago by the Architectural Association, which 
resulted in the proposal to establish a cod© of laws or regula- 
tions, which regulntions were very carefully fi-amed and were 
submitted to the Koyid Institute. Though no very tangible results 
have followed, yet this eflfort has no doubt had the effect of 
spreading sounti views on the jpoint, and has remained unfoi^ 
gotten if perhaps inoperative. Subsequently the subject of com- 
petitions came under the notice of the senior architectural society 
in London (the Institute), being the subject of a very able And 
comprehensive paper read before the membera by Mr. Ueorge 
Morgan; and though no action has been taken, no doubt sound 
viewa have been further extensively diffused by thia paper. Were 
this plan repeated— were there more opportunities of discussion 
afforded^ there can be no doubt of a good result 

While these papers have been in course of publication, a 
mmphlet on the same subject from the pen of a weli-known 
French writer on architecture has appeared, and adds one more 
publiahed opinion of value. M Cesar Daly, the editor of the 
M{'Viw Gl-ntrahf has published a pamphlet, provoked by thu late 
competition for the Opera-house in Paris, in which he reviews 
the subject as it affects public monuments. As thiii opens up 
rather new ground, and at any rate introduces several considera- 
tions of importance, we propose in another article to give an 
account of M. Dal/s wort; and also to refer to some of our ow*n 
more celebrated competitions for public works, and to what 
could be effected by a thoroughly well regulated system of public 
competition, both in public and other works. 

lEON GIRDEK BRIDGE FOR THE BOSTON AND 

W^OHCESTER RAILROAD, U.S.* 

By E- S. PHiLBaicK. 

This structure crosses the Watertown road, Brighton, U.S., 
and was built by Adams and Co., of Boston. Though differing 
in many of iU details from any bridge of the kind hitherto con- 
structed, the same ratio was used in the proportioning of the 
metal to the strains incun-ed as in other similar English and 
American bridges — viz. a maximum tensile sti-ain of 4^ tons and 
a compressive strain of 4 tons per square inch of section, incurred 
by a live load of 1 ton per lineal foot of track. It consists sub- 
stantially of three girders of tlie I form, supporting on their top« 
a floor and double-truck railway, the gii-dei-s being braced against 
each other in a thorough and rather peculiar manner. 

The span la 86 ft, 10 in. between bearings, approaching the 
limit where a tubular form would be pi-eferable to a aeries of 
separate girders, and therefore re<|uiring a degree of strength 
unusual in the I form of girder. The middle girder, having 
sometimes to support two trains at once, should they chance to 
meet on the bridge, is made proportionally strong and rigid, as 
fully proved by the test load described below. 

The great obliquity of the bridge (there being an angle of 
only 21** m' between the tracks and the abutments), wbile largely 
increasing the length sod cost of both masonry and superairuc- 
ture, is an advantage when compared with a right-angled britlge 
of a aimibr span, because each girder is here supjxjrted laterally 
by the abutment itself throughout one-third of its length. 

The horizontal members at the top and bottom of the girders, 
devoted to resisting the oompressive and tensile forces respec- 
tively, are all 2 feet in width, varying in thickness to conform to 
the mtahm to which they are subject. Their ioi^ta ^^ spliced 
with plates of the same width, on both sides. They are attaclied 
to the vertical sheets or web by a 4-inch by 4-ineh angle-iron on 
each side of the latter, passing along the centre of the horiz'>iiial 
pUtea. The joints of these angle-iron=* are also spliced with a 
patch of similar form. AU abutting joints are accurately phiued^ 

as well as all aides of the sheets formin g the web. 

* From tli« * Juurual of ttic Frmjiilb IniUUite.' 
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. ,?. ««: % L'lvNNtini: flanoh of 

s „^.'.- it^'^'W with the battens. 

, 'k«- ^va- \^*M » knoe, iind at- 

.^. 4:ixi \'CU»in mombera of the 

...J vKam .»* wul wiiy iHJtween these 

!!/... k'i*^' "^'" ^*" ****'-^ '*^®» ®^ *'^® 

, u *' '.•k.i^'" v»f iho shcetri, the ends 

' \v*\.a '.hivu^h the horizontal angle- 

',. \*„..,x.uii* N'CwivM the vortical member 

.... ■•..*tv«Ai i»»|»«inl bottom. 

ir».iirANl «**«• j»»>"»"K *1»®*® web-plates to 

, '" : .^A- .*o«i iMiJ^i^H, in to place a T-iron on 

" ' ;s . hAul of tho T forming the batten, and 

* , .' . .S Uo »Mi! found ihcHO T-irons beginning 

* ^. » »'C Vwf^U^h briilKes, owing to the weakness 

* * v*u' luih'Cion of Ihc head and stem of the J, 

Y*iuMi »•! iiin'h-ii'ut Mtrongth rolled in this country 

■' . »sl c\^»iu rnKlaml at a moderate cost, I preferred 

' * Vi .d d.'^M dnMl iiIm.vo, wliich the event has proved to 

' ' r.'.*!»N»* ■iivnK"r joint than the English one, and, at the 

■ ''|V'\ I'^ivipoi- ono in our market 
' . * • .' hrtA- III' abi»v" tho girders, ample opportnnity is 
K I \ I'l di:»gt»nal l>racing between thorn, to maintain their 
' ,?h.idmlly un*I U} check vibration. The ordinary mode of 
* Vililw tlii't hriMiIng and that practised by English and Cana- 
ls*, ,.|iiili»»H'rn, Ih I" attach at intervals of about 10 feet diagonal 
III'*' ••? I'l'*t«' »«'"" ^ ^***' vertical ribs, crossing each other like 
t\ . Inllnr Ai nnd riveted together at their intersection. But the 
lirlifht i»f "I'lr ginlors being unusually great (7j feet), as well as 
ilin horiwmtal distance between them (11 feet), these braes 
iiilifht flap and vibrate under express trains to such an extent 
nil U) bring undue strain upon their attachments and render 
fJinii nearly useless. To obviate this, I formed each brace of 
two pieces of plate-iron, 6 inches wide and gths of an inch thick, 
cfiiinected at right angles to each other by a 1^ inch angle-iron 
rivot<!<l to each, giving a section similar to an angle-iron, G inches 
wide on each side of the angle. As the two members of the X 
are plaoefl back to back, they are riveted together at their inter- 
Hcction. In order to get the strongest avadable attachment be- 
tween these braces and the vertical ribs of the girders, that half 
of each brace which does not lie in a vertical plane was heated 
At the ends, and each end twisted 90', allowing it to be attached to 
the ribs alongside the other strip, with the plane of which it here 
coincided. The result has been fully satisfactory, for the passage 
of heavy trains at high speed produces far less vibration than 
in many similar bridges which I have had the opportunity to 
examine in this connt^, ond in England and France. 

The rivets are, with a few exceptions, all of 1 inch diameter, 
being heated and headed in the usual manner. The rivet-holes 
are all drilled, being, as I believe, the first case of the kind in a 
work of this size. It can hardly be doubted that drilling secures 
a daannesi of cut, if not an accuracy of position, unattainable 
by punching. The drill neither disturbs the fibre of the iron 
near the hole, nor bends or stretches the plates like a punch: 
cireomstMioea which often render it difficult for punched plates 
to be accorately fitted to each other, or to have that exact 
oorrespondflooe of holes which is indispensable to a first-rate 
joint 

This bridge is to be subject to a traffic of some forty-five trains 
dail^, many of which trains weigh 400 tons. Previous to open- 
ing it to the traffie^ it was testedas follows:— A large pile of iron 
nulfl was distributed over the floor, and a train placed on each 
track, weighing in all 159*3 gross tons. The deflections were 
«n«fiilly observed at the centre of each girder, the load then 
vemovsd and a seoond observation taken, after which the load 
WM nplaoed and again removed, with two more observations. 
Tht fint loading ^odaoed a pennanent set of 0*26 inch, a 
oonsidmflhle portion of which may doubtless be attributed to 
th« faMrin^ oa ths abutments, where a white oak cushion, 
4 inohea thiek, was interposed between the iron and masonry. 
The seeond loading ci the bridge brought the girders down to 
exactly the same point as the first, the deflections being given 
below with the loads upon each girder. On removing the load, 
these deflections disappeared entirely. 



iMdintoDi. DdbeUdBiBlaAeL 

North girder 3715 0'99 

Centre „ 7»«5 0*83 

South „ 42-50 0-45 

The unequal distribution of the load upon the north and eonth 
girders was due to the different wei^^ht of the engines placed 
on the two tracks, a difference which was not intendea, but 
which served to show how neariy the deflections vary with the 
weights producing them, proving the great uniformity of the 
workmanship in the three girders, while the rigidity of the 
centre girder is shown to be fully equal to its double duty. The 
materiSs used in this bridge were entirely of American manof 
fjGu^tuie. 



THE DENSITY OF STEAM AT DIFFERENT TEMPE- 
RATURES, AND THE LAW OF EXPANSION OF 
SUPERHEATED STEAM.* 

We have already had occasion to bring under oar readers^ 
notice (vol. xxii., p. 3Go) the paper by Mr. Fairbaim and Mr. 
Tate, rcs&d before the British Association at Aberdeen in 1850. 
That paper gave an account of some experiments for ascertaining 
the density of steam at various temperatures, and of the approxi- 
mate results which had up to that time been obtained. The 
experiments have since been carried further, and carefully cor- 
rected, tabulated, and analysed; and the present lecture records 
the whole course of the investigation, from the minutest detaile 
of the apparatus to the most general algebraic deduction. 

It appears that scientific minds are strongly prompted to 
enact *' laws" which may be conveniently embodied in mathema- 
tical formulae. This kind of codification in physics has madi to 
recommend it, not only to the judgment, but even to the &ncj. 
It helps tlie memory by systematising observed phenomena. It 
enables us to tell very proximately (if not always accurately) 
what changes to expect under certam conditions. It affords the 
mind a final repose from ceaseless questioning or prolonffed sna- 
pension of opinion. It enables us, in fact, to express tne mar- 
vellous constancy of Nature's working in language that is intelli- 
gible and concise. Nay, we are even tempted to imagine that 
we are thus ourselves enacting laws which the elements are con- 
strained to obey; and to regani our science as rather the mistress 
than the interpreter of nature. Nature however occasionally 
makes free to deviate from rules which have been sanctioned by 
the most eminent scientific authorities. We are thus at times 
(perhaps wholesomely) admonished to return to the humbler 
task or patient observation, until we can patch up our approved 
formuloB, so as to bring them into closer conformity with the real 
order of things. 

A case of this kind has presented itself in the investigation of 
steam. What is known as Gray Lussac's or Dalton's law for 
determining the relation between the temperature and volume of 
gases was not only considered to hold good for all permanently 
elastic fluids, but was presumed to be applicable to steam. So 
convenient a decision was generally concurred in, and the concise 
and manageable formula, deduced on this showing from the expe- 
riments of Dumas on steam raised at 212°, had until lately been 
accepted, without further inquiry, as true for all pressures. The 
expansive power of steam under various conditions having how- 
ever a special economic intercHt, the matter came in process of 
time to be more narrowly and pracUcallv gone into by some of 
our own countrymen. It was then found out that there was a 
considerable want of accord between the actual phenomena and 
the supposed law. In 1855 Prof. Rankine gave an entirely new 
theoretical formula, which has now been proved to give results 
remarkably near the truth. But until the time that Mr. Fair- 
baim took up the (|uestion, the law of the density of steam had 
not been sought out by means of actual observation. 

The first and main difficulty was the devising an apparatus at 
once strong enough, and yet transparent where necessary; and 
the discovery of a visible test, sufficiently accurate and delicate^ 
to determine the point of saturation. A very happy and elegant 
test was arrived at, depending on the different mcrease of pres- 
sure arising from vaporisation and from simple superheating. A 
full explanation of the principle of this "saturation gauge^" as 
the inventor has named it, and a general account of the whole 

« <The Bakerian Lectare.— Experimental Betewdiet to datenniiM the Deofitj of 
Steam at different Temneratare!*, and to determine the law of Expanafam of Saper- 
heated Stoam.' By William FAirbaim. F.R.8., and Tboinai IM8.--Proin the Traas- 
actiuns of the Vhiloeophical Society, I8t!0. 
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apparatus, will be found in thU Joamal, in the paper to which 
W£f have already referred (vol, xxii. p* 365). 

Although a preaaure gauge was conaected with the apparatms, 
it seems ouly to have been cuoBulted aa giving a rough iudication 
of the presdure. lu each observation calculation was relied on 
for finding accurately both the temperature and the pressure of 
the ateam at the point of saturation. The pressure was computed 
so as to agree with the resulta of the experiments of M, EegiukulL 
In thia respect therefore Mr. Fairbaim^a researches must be 
regarded as bated to some extent on those of M, Reguault; while 
as regards ipecifiG densit}* and expansion tliey poascsa an original 
and independeut value. 

The results which are regarded as established by the inyestiga- 
tion before us are — 

*' Firjit, thAt the detuiity of saturated gtclun at all temperatures, ahovd 
as well ai 1>e!iaw 212" Fahr., h invjiriablj greater than that which is 
derived frmm the gueou4 Uws; second, thivt the law of expanBion of a 
IMrfeotly elastic fluid doet Dot hold slrictly true for superheated steato. 
At the maximum temperature of »atiiratioQ, and for some degrees above 
it, the rate of expansiou of the steam greatly exceeds that of a perfect 
gas." 

The widest deviation from the gaseous formula seems to occur 
at from 40* to 50'° above the boiling point* Here the apecitic 
volame of saturated steam appears, from the diagram appended 
to the lecture, to be about 7 per cent, leas than the formula 
referred to would make it. 

Messrs. Fair bairn aod Tate now substitute the following for- 
mula, as a faithful digest of the results of observation: — - 
'* On the Rdatiou of Speci/ic Volume and Presatre of Saturated Steam. 
, Let V be the speotfio volume of a given weight of saturated steam at 
the prdMure P, measured hy a column of mitrcury in inches; iheo 

, 4Q613 



V -= 25t52 



aad 



P = 



49513 



V— 25-62 

As to the Law of Kxpauiiion of Superheated Steam, the results 
are given in the following table, from which the oondoaioDs sub- 
joined are drawn. 

"TabU showing the Co^ffkini of Expamnon of Superhialdd Sieam, 



Nuoihor of 
Kxpciimunt, 


5fftziiQani 
tciiip«mto« gf 
saUmtiuiL 


1 




ODeaci«a( 

of upueioB 

ofateua. 


Coafflolcat 

«(i>ip«uloa 

atiii. 
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17U 


rh 


ri« 
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155-S3 
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^ 


ri» 
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20D-11 


■rhi 




' . 


171-43 


171'48 
180 


1S« 
200 


^ 
rh 


rit 


1 • 


174-02 


174*02 
180 


180 

200 
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r . 


182-30 ^ 


182-3 
1S6 


186 

209-8 




•iT 


6 


188-30 


19X 


SU 


^ 


^ 


I' 


342*9 
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2t» 


wir 
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255 » 6 1 


257 
257 
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rii 
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h 


267 'ai { 


268 
S71 
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279 






7^ 


269^2 


271 
273 


273 
279 


Jit 


rh, 


h 


279-42 j 


283 
285 


2S5 


nit 


rh 

Til 


W 

* 13' 


292-63 1 


297 
299 


299 
802 


sir 


ri. 

fir 



" The rciults reoorded in this table dittinetly show that, for tempera- 
tures within about ten degrees from the maximum temperature of satu- 



ration, the rate of expansion greatly exceeds that of air, whereas at 
higher temperatures from this pot at the rate of expansion Approaches 
that of air; thus for example, in Experiment 6, between the tempera- 
tures of 174'92'^and ISif^ the ooefllclent of expansion is y^, that is, 
about three times that of air; whereas, between the temperatures of 
180° and SOU'* the coefficient of expansion is very nearly the same as 
that of air, and so on in other cases. At temperatures somewhat re- 
moved from the maximum temperature of saturation, the coefficient of 
expanaion in the high* pressure experiments is deoidedly greater than 
that of air, whereas in the low-pressure experinienta it does not greatly 
differ from that of air." 

An intention ia expressed of extending these researches to 
steam of very high preaaure, aod making a distinct aeries of 
experiments on the expauaion of Kuperheated steam. The ulti- 
mate results will then (aa we infer) be reduced into the moat 
comprehensive analytical form. Judging from what is already 
before us, they can hardly fail to be of Yery great interest and 
importanoe. 

ARCHITECTURE AT THE ROYAL ACADEMY. 
{Concluded fmrn pts^e 167) 

TuK sketch in Waltham Abbey, by Mr. Burgea (673), showing 
the new east end as lately executed from Ins designs, deserved It 
finda a plaeo *'ou the line;" it being on the whole, though smalls 
one of the moat remarkable and attractive pictures in the room. 
We refer more especial ly to the masterly skill which has in- 
fused the intensest of pictorial effects into one of the most 
shadowy of outlines, yet sufficiently detailed for its purpose. 
The indiratiou of the stained glass in the windows is as perfect 
aa it can be, nor ia the general tone of colour leas truthful and 
satisfactory. But without the help of the catalogue the subject 
might rather be imagined to be a foreign oneiSJid not an English 
one only a dozen milen from the metropolis, so many and im< 
portant are the alteration a which the building has lately under- 
gone. Without opeuing the question as to how far the architect 
of the new work may have been guided by existing ancient re- 
rasius or by authentic documents, it cannot fail to strike any 
observer who is at all conversant with the characteristics of 
early French architecture, how closely Waltham Abbey, in its 
new aspect, preaenta marks of resemblance. ThusJ the rose win- 
dow, and the arcade below (to mention nothing else), are ejsen* 
tially French, and being of the kind that Mr. Surges loves to 
reproduce, one can scarcely help surmising whether this par- 
tiality may not have had such an influence that the new work 
should rather be designated a substitution than a restoration. 

In (674) Mr. Pollen gives a dmwiug of part of the archway of 
the new Oxford Museum as in process of execution, and if this 
drawing may be taken as fairly indicating what ia bein^ donei, 
we regret that it should be (to our t*i8te) so unworthy of the pur- 
pose. Novelty enotigli there ia^ truly, but of a very poor and 
unintelligible kiud. The "Godolphin Schools" competitioD, which 
is pretty fairly represented in the Conduit-street Exhibition, re- 
appears here in Mr. Mew's design (678), one of the best, ia 
external appearance, that we have seen. The proportions are 
good, and the sevend parts well balanced. The buildings we 
notice, is three stories in height, the walling being of light brick, 
Imnded with darker at intervals, Mr. Pearson^s "Church to be 
built in London" (679), is unmistakably the same of which 
another exterior perspective appeared in the Architectural Ex- 
hibition which has just dosed, and which we referred as an 
unusually meritorious design. The conception of the whole mar 
be better realised by examining this drawing with the nobLe 
"interior view" exhibited in (681), simple, grand, and effective m 
the extreme. It ia groined throughout in stone. 

The recent completion of the Royal Horticultural Societj'a 
extensive and handsome buildings at South Kensington lends a 
present interest to the "Interior view of the New Council 
Chamber " which C^pt. Fowke shows in (680), otherwise its very 
ordinary look would not provoke even an inquisitive glnnce. 
This chamber is capable of being u»ed on state occaainna for « 
vestibule to the gardens. Adjoining this picture ia one whidi 
however ia not likely to be overlooked — viz. Mr. Owen Jonei^ 
"Ceiling of Show Room at Mr. Hancook's, in Bruton-^treet, 
(686) — a perfect studv of design and colouring, rich yet not 
^udy. It is executed in that patent canvas plaster which Mn 
Jones has previously employed so i&tiafactoiiJy. 

A by no means enticing scheme for covering the Royal Ex- 
change area, with an elTiptic&i roof over the upper order, is 
nicely shown by Mr. H. S, Legg in (6tt5), and formed of course 
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one of the oompetitioD aeries. The centre portion only of thid 
roof is fflazed, there being three panelled coffers on each side, 
proposed to be filled wim colour and devices. This part of 
the design is not altogether satisftictory. A view of that great 
practical mistake, the Victoria Military Hospital, near South- 
ampton (691), shows the building to its fullest extent, and to the 
greatest advantage, being both well drawn and well coloured, 
without betrajring any trickiness. An equally large drawing is 
(691), which in these respects presents a contrast to the last, 
being decidly "got up" for effect, but not enough so as to con- 
ceal the real poverty of the subject, in spite of its ornate gar- 
nishings. It is somewhat ostentatiously styled a "Proposed 
Grand Hotel de la M^diterran^e, Cannes^** and is by Messrs. T. 
Smith and Son. 

Mr. Digby Wyatt exhibits two drawings — we might strictly 
say sketches — in brown ink outline (684) and (689). The former 
represents the "Gallery for Communication'' lately erected in 
the great hall at Oompton-Wynniates — being a highly-elaborated 
Perpendicular addition, carried on huge, ungraceful corbels. 
The cresting, too, is in Questionable taste. The second drawing 
is a large perspective view, every stroke and line in which has 
been whimsically drawn by hand, and vaffuely entitled " Original 
sketch for a Public Building'*— queij, the proposed New £idia 
House ? But, be its purpose what it may (and it does not on 
the face of it give the least due to a solution), we shall not, we 
think, run' counter to public opinion in the wish that it may be 
permitted to remain on paper only. The prominent features are 
the large round towers which encompass the principal ancles, 
and with their pyi-amidal roof give to the design a hybrid Took 
neither of Scottish nor Continental extraction, but a strange 
compound of the two. Of the detail as proposed it is impossible 
to speak, it being so slightly indicated. 

In (694) we are treated to a small and carefully delineated 
view of the new chapel at Exeter College, Oxford, which the 
artist, Mr. J. H. Le Keux, has also ably engraved. It shows the 
south side of the chapel, from indeed the only point whence the 
entire elevation is visible, and, by the close proximity of the 
buildings in the College quadrangle, accounts for the new build- 
ing being much more curtailed in its length than it would pro- 
bably have been had a more extended site been at the disposal of 
the architect The " Manchester Assize Courts," now erecting 
from Mr. Waterhouse's design forms the subject of one of the 
most genuine architectural drawings in the room (696). We 
cannot however admire the sombre, heavv tone of the colouring. 
. In this respect Mr. £. W. Pugin's admirable little drawing close 
by (697), has the advantage, for while there is sufficient detail 
shown to convey a fair notion of the design itself, there is just 
enough tint added to express the light-and-shade effect. The 
subject is the "New Exhibition Eoom recently erected at Oscott 
College, near Birmingham," and it is based on the characteristics 
of our "Perpendicular" style, but by no means slavishly fol- 
lowed. "Daylesford Church, Worcestershire" (698), by Mr. 
J. L. PearsfiU is, like his other pictures before mentioned, a 
subject divided between this exhibition and that at Conduit- 
street. The separation of drawings in this manner is much to 
be regretted, and it appears the less excusable, because, while 
leaving the matter in both cases incomplete, there does not 
appear to be any sufficient motive for so doing. The drawing 
before us shows, among other things, a verv pretty lich-gate. 

A view of a portion of the exterior of Hereford Cathedral, as 
reccLtly restored by Mr. Gilbert Scott, is contributed by Mr. 
J. Drayton Wyatt, in (686). It combines, in a very picturesque 
^up, three of the leading features of the exterior — viz. the 
^orth Transept (with its Hngle idsle). the Central Tower, and 
the rich "Perpendicular" North Porch, each illustrating a dif- 
ferent phase in architectural history. Mr. E. M. Barry's only 
drawing is of his New Schools in Eudell-street, London (703), 
which are unquestionably among the best . designed and most 
costly erections of the kind, and now so well known as to need 
no description here, though it may be mentioned that in this 
picture are ranged side by side the two gable ends, each so well 
studied, and so picturesquely Taried that the contrast is at once 
perceptible, whilst another sketch shows the interior of one of 
the schoolrooms, ingeniously incorporated with the construction 
of the roof. Messrs. Prichard and Seddon's "Church at New- 
port, Monmouthshire" (704), has already been noticed and illus- 
trated in our Journal for June 1860. 

, In four of the largest and most striking architectural drawings 
in the room (699—702), Mr. G. G. Scott exhibits « Views illus- 



trative of Gothic designs for the €k>vemment Offices," including 
the perspectives as seen from Bowning^street, the Park, and the 
internal quadrangle. In the principle of these is embodied the 
proposed new India House, which, as now arranged, is to front 
St. James's Park. Of the merit of this design and its adaptability 
to the requirements of its purpose it is not necessary again to 
speak, suffice it to add, that Mr. Scott appears disposed to battle 
to the last in carrying out his project, in spite of the adverse 
influences which have been brought to bear, and which at the 
present time still predominate. While on this subject we may 
call attention to (709), Mr. Green's " Design submitted in compe- 
tition for the new Houses of Parliament at Ottawa, Canada" — a 
by no means preposseesing Classic design, not unlike in some 
particulars that submitted by the same gentleman in the Man- 
chester Assize Courts competition. 

Mr. David Brandon's contributions are, as usual, of domestic 
buildings in the late style of architecture which he especially 
favours; but this year his two houses erected in Worcestershire, 
as shown in (710, 711) have not much to recommend them. The 
church to be erected by him at Penboyr, Carmarthenshire (713X 
appears more promising. Of the new Offices for the Board of 
Works, in Spring -gardens, there is a careful drawing (714) sent 
by the architect, Mr. Marrable, but inasmuch as it has been pro- 
nounced a bad plagiarism upon Inigo Jones, it does not need 
comment at our hands. 

Mr. Street is an exhibitor of only one drawing (718), a church 
now erecting at Bournemouth, which, in spite of the ability 
manifested in many of the subservient details, does not strike ns 
as being, on the whole, one of his happiest efforts. Mnch as we 
delight m the broken outlines and picturesque groupings which 
Mr. Street generally secures, in the present case these appear to 
be so abundant as to produce a lack of unity. The steeple is a 
very original conception, having evidently been minutely studied 
out, and with great success. The next in the catalogue is Mr. 
Blomfield's "New Church at Tor Mohun, Torquay" (719), which 
also betokens cousiderdble originality and picturesqoeness; the 
latter quality bein^ attributable in part to the irregular nature 
of the site, and which the architect has judiciously turned to cood 
account Some other of the designs for this competition (which 
was a limited one) were to be seen in the late Architectural 
Exhibition. 

The Almshouses which Mr. W. Webbe has just completed at 
Bochester form a very effective subject in (908), and are worthy 
of the designer of the Printers' Almshouses and of the Boyal 
Dramatic College. Mr. Herdman's "View in Cartmel Prioiy 
Church" (890), will be noticed with interest; also Mr. W. J. 
Boddy's "Chapel of St. Edmund, Westminster Abbey" (891). 
We are sorry we- can find nothing to commend in (906X the 
church now erecting by Mr. AshpiteT at Ripple, near Deal, which 
is of the most commonplace kind; nor are Messrs. Aitchison's 
" Schools at Barkinc" (907), in the best of taste. The utmost 
praise must however be bestowed upon Mr. E. Falconei^s "Oriental 
Sketches" (921, 922), which are, as usual, models in their way. 
They represent two mosques, one at Mylassa, and ^l^e other at 
Nicflca, in Asia Minor. 

ACCIDENTS ON RAILWAYS. 
The periodical reports of the inspecting officers of the Railway 
Department on the accidents that have occurred on railways are 
extremely valuable records, not only because they afford the 
most reliable information respecting the causes of such accidents, 
and therefore point out the means of guarding against similar 
recurrences, but they serve also to remind directors of their 
duties to the public, and urge them to adopt the precautions 
which such disasters show are required for giving to railway 
travelling the security of which it is capable. The reports for 
the last six months of 1860 and for the two first months of the^ 
present year refer to fifty-four disasters, some of which were 
attended with fearful loss of life; and though called "accidents," 
the nugority of them were caused by carelessness or want of 
proper precaution, to which such a term is scarcely applicable. 
Of the liftyrfour so called accidents, twenty-nine were occasioned 
by coUisious, which in almost every case may be attributed to 
culpable carelessness or inattention; nine were occasioned by the 
engines or carriages leavin^r the rails, in consequenoa genendly 
of defective oonstniction or miperfections in the machinery; ei^ht 
were caused by the breaking of tires; only one by the breakuiff 
of an axle; the fintctore of a wheel ooeasioned one aoddent; and 
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in two other instances the cast-iron sirder of a bridge broke, 
and a wooden viaduct gave way. Those accidents that arise 
from defective construction, either of the permanent way or of 
the locomotive mechanism, generally stand apart fh)m those oc- 
casioned by carelessness and mismanagement; and the investiga- 
tion of their causes is the most instructive, as it affords tne 
means of improving and of perfecting the mechanical arrange- 
ments of railway locomotion. 

We shall first notice those accidents caused by the engines 
leaving the rails. They were occasioned in two instances by 
the tightness of the gauge at curves on the line; one of them on 
the London and Blackwall Railway, the other near the Primrose- 
hill tunnel, on the North Western line. Capt Tyler, who reports 
on the first, observes: ^^I attribute the present accident to the 
fact of the gauge not having been sufficiently easy on so sharp a 
curve. In such a case a ciirve may be used for a length of time 
without accident, but a carriage may mount the outer rail once 
in a way." Col. YoUand, who investigated the second case, 
observes: ^'I am satisfied that the tightness of the gauge at the 
commencement of a sharp curve, without any surface elevation of 
the outer rail, was a sufficient cause for the wheel mounting.^ 
It must be stated however that in both cases there were points 
where the carriages got off the rails. 

The state of tlie permanent road, which was not sufficiently 
consolidated before the trains passed over it, is the assigned 
cause of two other instances of the carriages leaving the rails, 
both on the South Western Railway. In another case on the 
same railway a broken rail was the cause. The rail was a turned 
one, and Capt. Tyler objects generally to the use of turned 
double-headed rails. '* There are," he says, "disadvantages at- 
tending the use of rails in this manner which more than 
counterbalance any advantage in economy that may be obcained. 
The upper surface of the rails, after havinp; been worn out or 
injurea, does not fit well into the beds of the chairs; the lower 
surface has always been more or less damaged and rendered un- 
even by pressure against the chairs; and the rail itself, after 
having been subjected for a series of years to strains, and having 

gerhaps received a set in one direction, is the more severely tried 
y being exposed to strains of a new description, and in an 
opposite direction." The want of proper signalling occasioned 
one train to run off the line at a place where the plate-layera 
had removed two of the rails; and in the two remaining instances 
of such occurrences they are attributed to the use of an improper 
engine for the work, and to the breaking of a turn-plate, which 
was made of improper materials. 

In consideriug the class of accidents caused by the fracture 
of tires, both inspectors refer again and again to the imperfect 
and dangerous metliod of fastening on tires with rivets, for in 
nearly all instances of fracture they pccnn-ed at the rivet-holes; 
And both inspectors recommend the adoption of some one of the 
modem improvements for the fixing on of tires without the 
necessity of weakening them by making rivet-holes. Several 
drawings of the various plans contrived for that purpose are 
given, and Mr. Beattie'a method is mentioned appro vindy by 
Capt Tyler and by Col. Yolland. On this important pomt we 
quote the following remarks by Capt. Tyler, in his report of an 
accident that occurred on the Chatham and Dover Hallway, 
near Sittingbourne, on the 4th of January last, and we give also 
diagrams of Mr. Seattle's and of Mi\ Burke's method of fasten- 
ing tires, which are particularly referred to, and of improvements 
soggested by Capt Tyler. 

"There are various methods, of wluch some have been in use for 
several yean, whilst others are of more recent date, for avoiding the 
weakness thus arising from rivet-holei in the tires, for securing them to 
the xims <^ the wheels in a more advantageous manner, and for pre- 
Tenting tliem from separating from the whwis in the event of fracture. 
I had occasion to refer to this subject in a i^^rt upon an accident 
which oocorred in the early part of last year, at Tottenham; and I theoi 
forwarded diagrams of a system of fastening that had been adopted with 
these objects upon certain railways. I now beg to inclose drawings of a 
number of other modes which have been employed; and I would observe, 
in doing so, that they merit the best attention of the locomotive and 
carriage superintendents of all railway companies; because the principles 
upon which they are designed are csJleulated, when properly carried out, 
to provide completely agamst the danger which is now so much expe- 
rienced — and particularly in seasons <S k>w temperature— of aoctdenta 
such as that on which I am now engaged in reporting, occasioned by 
tures opening ont or flying off when they are fractured, Irom the wheeb 
of locomotive engines and tenders and of raUway vehicles. 

It will be obsorved, on an inqwoASgii of these diagrams, that in aU the 



different methods which they represent the tire is dovetailed to the rim of 
the wheel; and in all but one there is no weakening of the tire by rivet 
or other holes bored in to secure it to the rim. Mr. Beattie adopted 
this method in the case of engine-wheels, under the belief that the 
weights which the tires of those wheels had to sustain rendered it ne- 
oessai^ to give the rim as wide a bearing upon them as possible, and 
undesirable to diminish that bearing for t^ sake of obtaining a fasten- 
ing at the interior side of those wheels, such as he had applied to 
carriage- wheels. 

- Mr. Beattie accomplishes this by grooving the tire, as at A, Fig. t; 
by inserting wedge-shaped keys at intervals round the circmnference, 
Fie. 1. Fio. 2. Fio. 8.* 
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B, B, B, Fig. 1 ; and by hammering down the portion C (Fig. 3), upon the 
keys thus inserted. Whilst employing this system on the Great Northern 
Railway very extensively, Mr. 8turrock has found it necessary to place 
a key on each side of the weld of the tire, as an additions securi^ 
against its flying, in case of fracture on account of a defective weld. 

It cannot be considered that the tire is so firmly secured to the por- 
tions of the rim between the keys, as when a more continuous means of 
fastening it is employed. In a method which he has proposed for engine- 
wheels, for reasons which I have already given, Mr. B^ttie has secured 
the outer side of the tire by moans of a groove fitting on a notch in the 
rim of the wheel, and has attached it, near the inner edge, by bolts 
screwed into it from the inner surface of the rim, and ins^ted at fre- 
quent intervals. ... 

Mr. Burke's tire is rolled out into the shi^pe shown in Fig. 6, and is 
welded, turned to a true surface, heated, slipped on to the wheel, and 
allowed to contract in the usual manner. It is then turned over; the 
portion M is heated to a red heat, and that portion is hammered down 
against the rim all round its circumference. All of these methods of 
fastening tires are superior to that which is now commonly adopted, 
and any one of them may be considered, when the materials are well 
Fio. 4. Fi©. 6. 




selected, and when careful worionanship is employed, to afibrd a Hgb 
degree of security. That which is shown in Figs. 4, 5, 6, is peihans 
the most simple, and tbe most likely to come into general use. The 
disadvantage that it would present to some eyes, in the hnpossibility of 
taking it off the wheel for tighteniuff or repair, after it is once fixed on, 
and replacing it in its original condition, is by no means so serious as 
it might appear to be at first sight. Bithcr security must be more or less 
sacrificed when this condition is maintained, or else some more compli- 
cated arrangement connected with the rim, tuoh as those of Mr. Mansell 
and Mr. BrotheriuxNl, must be employed. But in truth, the cases in 
which repairs requiring the cetnoval of the tire become necessary, when 
good wide tires are carefully attached to well-constructed wheels, are so 
rare, that they may f^ly be left out of consideration; and a tire which 
has worn dadk and is redbrunk on the wheel will almost always become 
sUu:k again wiUdn a short period. Such an operation is hardly worth 
performing; and when a good tire is securely fixed in the first instanee, 
by means of an efficient oonthiuous dipphig attacbmsBt, it will thtn \^ 
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worn oat to the thmneft ttftte in which it is fit for lae, without any 
Mmtheaaoa of danger in oooaeqnenoe either of tti fnu^nre or of its 
taping off the wheeL 

llie real disadvantage of thia mode of faatemng i^ipean to me to lie 
either m the liability to an imperfection of fit between the rim and the 
tife» or of a want of naralleliiim in the doyetail rarfaces in the first in- 
stance; or else in an alteration of the shape of the tire, by spreading or 
oiherwisey from wear and tear, which most always become greater as the 
tire becomes thinner, and which would therefore render the fastening 
less and leas secure, at a time when it was more and more necessary that 
it should be efficient. To prevent the possilnlity of such defects I think 
that a modified mode of fastening might be adopted, such as I have 
shown in l^gs. 7 and 8, which would be well adapted for all wheels, 
would give increased security at all times, and remain efficient up to the 
last, becoming indeed more secure as the tire got thinner and hollow from 
wear. In the application of this arrangement, the tire would have to be 
Fis. «. Fio. T. Fio. 8. 




grooved at O, ¥1g. 7, when it was turned to its proper sise, and the rim 
of the wheel wouM have a notch on each side of it. The tire ^ould not 
be in too heated a state when the wheel is slipped into it, as the rim 
would not in that case penetrate into the recess at O; but it has been 
found by experience thi^ a sufficient heat may be imparted to the tire 
in shrinking it on, without any difficulty of slipping it into a recess of 
suitable dimensions being encountered. Fig. 7 exhibits the condition 
that would exist between the wheel and tire when the wheel is first in- 
serted, and Fig. 8 the finished tire, after the inner edge at Q is hammered 
down upon the rim. 

Although there is greater fear in general with regard to a slack tire, or 
a loose tire, or a broken tire, the most dangerous tire of all is that which 
haa been shrunk too tightly on to the wheel, and whose state of temiion 
renders it ready to fly upon any violent blow being administered to it by 
a bad joint, or an uneven crossing, in the ordmary course of traffic. 
Thii is the sort of tire that yields the clearest ring to the hammer of the 
carriage examiner, and that inspires him frequently with the greatest 
degree of confidence; but this is the tire that ou^t in reality most to be 
drisded; and this is the description of tire that occasioned tiie present 
accident. 

But even when a tire has been placed upon the wheel in a condition 
of too much strain, there ceases to be danger when it is secured to the 
wheel in some manner such as I have now indicated, in which it is pre- 
vented from separating from the rim, or, as it is termed, from flying, 
when fracture takes place." 

In reporting on this class of accidents the inspectors comment 
in severe terms on the neglect of railway directors to provide 
tiie means of security which fSatal experience has shown to be 
necessary. Col. Yolland, in reporting on an accident which oc- 
cured on the Great Western Bail way on the 14th of January 
thus gives vent to his indignation on the subject: — 

"There is not the least difficulty in introducing such an amount of 
break power as would have enabled the driver to stop in less than one- 
fourth of that distance; but the executive of the Great Western Railway 
Company, like the executive of most other railway companies, appear to 
slight warnings of this kind, and make no alteration in tneir system, and 
seem to prefer to run the risk of having to pay enormous sums of money 
in compensation for accidents and damage to rolling stock than to at- 
tempt any improvement in this respect. 

Had Uiis fracture of the tire taken place at night, the travelling 
porter could not have seen that anything was wrong; no passenger in 
the carriage would have had any chance of making it known to the 
guards; and sunnosing that to have been efifected, it is doubtful whether 
the guards could have attracted the driver's attention, and the conse- 
quences might have been most lamentable. 

I am afraid it is hopeless to expect any improvement, and I know 
that it is useless for an inspecting officer to continue to call attention 
to it. 

If warning were taken from accidents of this kind occurriog, not only 
on one but on most of the railways in England, improvements miffht be 
introduoed similar to those which have on some lines been adopted with 
reference to the mode of fixing the tires on wheels; but with the studied 



persistenoe in such a vicioas system, the reports of the mmp»i^ *} g offioen 
might almost as weU not be made^ as tliey appear to serve no otiier 
useful purpose than to give the sufferers in railway wrMm\B or 
their representatives a clue on idiich to base their demands for 
compensation.** 

The necessity of providing a oommonication betweeo tho 
passengers and the gnard, and between the latter and tho 
engine-driver, is often enforced; for on many oocasions, had such 
a means of communication existed, the disasters that ensued 
might have been avoided by timely notice; and CoL YoUand says: 
"It is to be regretted that the law does not make some one 
criminally liable for such n^lect." It must be observed that all 
the fractures of tires noticed occurred during the severe frost of 
last winter, which contracted the metal and made it less capable 
of bearing a blow. 

The accident arisinff from the fracture of a cast-iron ffirder oc- 
cured on the Midland Bailway, on the 26th of September^ at a 
bridffe near Ambergate. A heavy goods train was passing over 
the bridge at the speed of about 14 miles an hour, when the 
engine-driver found that the wheels of the engine had been 
thrown off the line, and that only two of the waggons remained 
attached to the tender. He had no idea of the cause of the acd* 
dent at the time, as the roadway did not fidl in. The cause of 
the fracture is thus explained by Capt Tyler. 

''The bridge that thus ^ve way was to all appearance substantially 
constructed, with six cast-uron girders upon masoniy abutments. Two 
girders carried each line of rails, and the other two su{^x)rted the para- 
pets. It was originally built some twenty-three yean ago; but in the 
course, I believe, of last year, the main girders were placed r»ther farther 
from each other than they had previously been, as it was found that 
they were occasionally struck by passing vehicles. The platform whidi 
w&s then added to them for carrying uie permanent way consisted of 
old rails which had been taken up £rom the main line^ m the descrip- 
tion known as Barlow rails, laid transversely, and covered with asphalte 
and about 5 inches of ballast; and the wooden deepen, on whboi the 
rails and chain were supported, rested in this ballast, also transvenely, 
in the usual manner. Tne Barlow rails lay on the inner flanges of tibe 
main girders, and were not as accurately fitted as they mi|^ hxve been, 
with a view to their taking a bearing dose to the middle webs of the 
girden. The weight of &b rolling loads which passed over them was 
not distributed upon the Bariow nuls, except partially, through the me- 
dium of the asphalte and ballast, but it was carried principalfy by those 
particular Bariow rails over which the sleepen were placed. The main 
girden were not bolted together, but were retained in their position, 
partly by their own connection with the abutments, and partly by the 
stone flagging which lay between them and the outer girden on each 
side. The two middle girden were dose together, and the distence be- 
tween each pair of girden carrying the railway was rather more than 10 ft., 
the two outer girden having beoi 2 ft. 6 in. from the edges of the rails 
next to them. The girden were 29 ft. 2 in. long, with straight tops, and 
they covered a dear span of 23 feet. Their depth was 2 ft. OJ in., the 
area of their top flanges about 194 inches, that of their bottom ^lApe 
about 40 inches, and that of their middle webs about 50 inches. Tb» 
breaking weight of each of these girders, supposing the metal to be 
sound, may be estimated at 90 tons placed in tne centre; and the ulti- 
mate strength of a pair of these girders, imder a load equally distributed 
over them, at 860 tons. The heaviest engines in the possession of the 
Midland Company — one of which was attached to the train in question 
— weigh, when in working order, 81 tons, and their tenden 18 tons^ 
making a total weight of 49 tons, upon a whed-base, measured from the 
leading axle of the engine to the trailing axle of the tender, of 36 ft. S in. 
Of this weight however the engine only could be upon a span of 28 ft. at one 
time, because the distance from the leadUng axle of the enffine to t^ 
axle of the tender measures 24 ft. 9 in. It may therefore be considered thai 
the factor of safety in this bridge, if the girden had been sound, would have 
been about 9 as agrinst the maximum total load, or about 11 as against 
the greatest roUing load, after first deducting tlnee times the wei^ of 
a proportion of the superstructure from the ultimate strength of the gir- 
den. The girden are in fact heavier than those which are frequentfy 
employed in ordinary railway practice for similar spans at the present 
day; and the proportion borne by their top to their bottom fluiges is 
sreater than, as is now well undentood, is necessaiy. The girder wnioh 
miled was on the north of the down line from Derhjr to Normanton; and it 
gave way at a distance of 8 ft. 8} in.^about a nmth of the span— from 
the west abutment of the bridge. It would, if sound, have been oonnde- 
rably stronger at this point tlum at the centre; but it appean to have 
been seriously defective. Of the half side of the bottom flange an area 
of 61 square inches only was soimd; and this was the side on which the 
Barlow rails rested, and on which therefore the permanent way was sup- 
ported. It IB impossible to say whether this defect existed to the same 
extent when the girder was originally cast, or whether it was oon^Myra- 
tively small m the first instance, and has since increased in the oooise of 
traffic." 
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The wooden viaduct that gave way, though without doing any 
injury, ia on the Whiteliaven Railway, and it hatJ for some time 
been suspected to be in a defective and rotten condition. Capt. 
Tyler objeeU to the employment of timber for viaducts, which 
he says ahould only be done when great economy is required in 
the original construction. 

The causes of the twenty>nine disasters that arose from collision 
may be summed up to have bften carelessness and neglect, more 
or less culpable. Five of them happened to excursion and to 
special trains, which are at all times dangerous, and in one 
instance two exouriiion trains came into collision with one 
another, on the Liincadhlre and Yorkshire Kailway, owing to the 
breaking of a coupHug chain as the train in advance was ascend- 
ing an incline. The want of additional break power to bring a 
train more quickly to rest when an obstacle on the line is visible, 
ia frequently mentioned with strong condemnation by the in- 
spectors; and we will conclude this notice nf their able reports 
with the following extract from Col. Yolland's report on the 
collision of the two excursion trains, iu which he points out the 
increasing necessity of additional break power, in consequence of 
the steep inclines now frequently adopted in the constructian 
of railways. 

"There is yet one other point which more particularly oonoema the 
dutieft of the iiwpecting officers, and which should in my opinion be 
brought under their notice. The length of railway lines on which steep in- 
dines occur is increasing every yeax: and as t^ legklature has not deemed 
it expedient to intrust the Board of Trade with any power as regards the 
mode in which traffic shall be conducted, hut confines its interference to 
unnpened lines of railway; and as railway companies have very genendly 
disregarded the reootnuiendAtions made from time to time by the Board 
ol IVade on the subject of iucreaaing the amount of break power, ou the 
eatabUahmcnt of a cominunication between guard and driver, and on the 
placing of a break at the iaO of every tram, &c., it remains to be con- 
sidered whether the innpeeting officers, looking eolely to the question of 
the public safety', ahould not, when inspecting new Unea of railway, decline 
to sanction any stations which ore placed upon inclines, on which carriages 
will travel by the force of gravity alone. Aoddents from the breaking away 
of carriages, or the ^paration of trafaw into two or more parte, are vfsry 
much more numerom than the public are aware of. Thot<e which are 
reported to the Board of Trade do not probably amount to nne-tenth of 
thoBe that occur: because, happily^ in the greater portion of cases tbey 
are not attended with ierions injury to life or limb. I know, but not 
officially, of instances where vducles have broken away, and been caught 
b^ sending an engine after thsm on the same line, only a very short 
distance in front of a passenger train; and of others where — by the pre- 
sence of mind of sttttion- masters and pointsmen — deecending waggons 
have been turned off tho main line into a ftiding, and been destroyed. 
In the course of two years, and in two accidents alone, 25 persons have 
been killed and 127 injiux'd, from the conetructiou of atationa on inclines; 
and I submit that §uch n ftacriJiee of human life, and such an amount 
of injury to persons, nhould he held sufficient to justify any inspecting 
ofBcer in declining to pass a station on an incline on which carriages wUl 
descend by the force of gravity. And with their lordahipe^ sanction, I 
think that notioe should be sent to all railway companies engaged in 
making new lines, if the other inspecting offieers agree with this view of 
the subject, that stations on such incHnes could notbe passed m future/* 



Appropriate to the report on railway accidents, we have had 
tnbmitted to ua drawings and descriptions of Mr. Wright's 
"Bed-plate Iron Safety Hailway," by which carriages would be 
prevented from running off the rails by mejins uf a **safety- 
kerb^^ fixed by the side of the rails, and several inches above its 
upper surface. The breaking of wheels, axles, or tires, might 
also be rendered harznlessa by a ** life-guard" or fixed bi^eak, 
whicb would drop on the kerb aud support the carriages, and 
at the same time effectually retard the motion. There can be 
little doubt that by a contrivance of this kind maoy aecidents 
might bo preventedi but the cost would be a barrier Co its adop- 
tion. It is estimated that the expense per mile of a single line 
would be £2428, and that the application of the safety-kerb to 
wooden sleepers could not be effected for less than X1127 per 
mile. There is little hope therefore of the adoption of Air- 
Wright*a contrivance generally, though on bridges, embankments, 
viaducts, or sharp curves, it could be introduced with ailvantage, 
without great expenditure. It is worth consideration, however, 
whether the plan of the safety-aledge might not be applied to 
ordinary rails, so that when an axle or wheel breaks the car- 
riage might drop a few inches safely on to a fixed break, instead 
of being turned over, with great danger to the paasengerB and 
injury to the other carriages in the train. 



KEVIEWS* 

The EnffiUh Cathedral &f the Ninetcruth Century, By A, J. B. 
Bbelksfoud Hope, M.A., D,C,L. With illustrations, — London: 
John Murray. 186L 8vo. pp. 282. [Second Notice.] 
In our previous notice of Mr. Beresford Hope*s book we re- 
ferred to the contents of the earlier portion of the volume, and 
laid before our readers specimens of the illuatratioua* Some 
additional illustrations we here introduce, with their descriptions 
from the volume itaelf. 

"The first church to which I shall call attenUon is St Ninian's Cathe- 
dral, erected for the we of the Scottish EpiBcopal Church in the flourish- 
mg town of Perth, by Mr. Bntterfi*fld, deaignesd in a somewhat severe 
variety of Middle Pointed. The choir, transepts, and one bay of the 
nave, were confleerated in 1850, and «o have been in use for about ten 
years. The rest of the building, with a fcriflitfg excejjtion, has yet to be 
bnilt. This plan ciirriei ttimpHcity almost to an excess; for example, 
the trannepts are not apparent in the phin, owing to the manner in ^hich 
the nave arcade has been handled. 

Of a much later date is the cathedral of Kilmorc in Ireland, for the 
united dioceses of Kilmore, Elphin^ and Artiagh, due to Mr. SUter. 






Flax *'7 Pf urn CicTBSUKal. 
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This churchy in Middle Pointed, w«« consecrated in its completed form 
in July lMi.\ by the pretent enen^tic diooesan. Bishop Beronford, who 
carried it through, both as a work practical]? wanted and as a memorial 
to his famous preileceMOr, Bishop BedeU. It is, as will be -^^ -r~ -r>|tA- 
rent, of very email dloiensioos in proportion to its eccl* ik. 

but yet it alms with much success at the cathedral ch;i dl 

points except the inferior elevation of the transepts. It mon-over p«i»- 
sesses the practical merit of having been entirely built according %o the 
origiiial plan. I have heard with much Dleasure that the Bishop of 
Kihnore has already seriously talked of enlarging it, towards the weet» 
by the addition of two bays." 

It ia almost to be regretted that fuller illustrations are not 

S*ven of one of the most interesting of modern churches — the 
emoHal Church at Constantiuople. The plan actually to be 
carried out cf Mr. Burges, and that of Mr. Street, are indeed 
here, but of neither ia any elevation or section furnished. 
Perhaps however as this church is to be rather a monumental 
eclifice than anythiug else, and is certainly not built with the 
idea of erecting'Constantiuople into an English episcopal see, the 
author has shown his consistency in adheriug to his subject^ and 
giving the fullest illustration of those buildings which are uost 
truly cathedrals. 

"I must stiD detain my readers in eouthem climates while I introduce 
the two next plana to them. It hae not, I hope, faded out of Uieir recol- 
lection that on the conclusion of the Crimean war the religious ft*eling of 
the English people led them to the determination of sanctil^iug the 
peaoe 1^ the erecdon of a memorial church at Constantinople , The 
appeal was made under diitinguJahed auspices, and liberal sultscriptions 
flowed in. The ohotoe of the aroiiteol was made by unlimited competition. 
Although penonally oonoemed both in drawing up the terms of the 
competition and in the adjudication of the pri2e«. I may I tnist be for- 
gi\en for appeaHng to this competition as standing out in favourable 
contrast to others of a more imposing character, and for a more mag« 
nificent stake^ which have occupied puBk attention during the bat few 
years 

Hie character of the struotui^ was to be *' monumental,'' and it is 
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'mihk€hKnetaai*'moammmUl''ihMilfAkrihBpbum of tbe cfaordi 
M mMAti bf Mr. Baigci, in a mukewhai mboed fonn, aivl of the de- 
MB wUeh wfia the Moood prue, by Mr. Htreet^ m xto origiiud oooditioii. 
WMbfllltlMrfcigiiBcriC&flMiMgiMaffeto dHEovoltii thdreoneep- 
tioB that I en MCiee «idi without » rafefvoM to the other. 

Mr. BorsBi • fal«K tmbodSed in a ttyib oombined of Italian-Ootfaie and 
Etflf g w M c i K aeeoM to hare been to reprodnor the geocnl cathedral 
or milliter tm of the Contnuot npon a enieU ecefe, and jet with rach 
nnpUcHjc/plao M to fibriaie theriik of pettineMaiideaiifiieioo. In 
this he WM rerj eoooeerfiiL The ^an, m origmellj drawn, oomprieed a 
OfAneA nare of time irankhig and of liz areh baji, aolee to the entire 
boflfini;, <um1 tnneepli, and an apiidal dioir, e tw i p t iein y a <fistinct baj, 
leading op to the cmamainbient aide e u c lreB ng the epee. In eection 
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the ohonh displayed, beeidefi the main arcade, an ercaded triforium, and 
a ckfpitoiji abore. 'Ae chief Brtietic effect after which Mr. Burgee 
aimed was the penpeotive of the east end, with its 'chevet*~a feature 
which he farther defended on practical comdderatione, about which I 
■hall hare sore to w^ heraafter. Tie work ooold not be undertaken at 
onoe, for the Torfciih govemment—alwayB tricky and perfidious— did not 
really look upon it with favour. At Isat, however, the seal, kindness, 
and aUUty of Locd Ktratford de Beddiffe overcame all obstacles, and a 
magnifiosnt site in the most conspicuous part of Oalata was presented to 
the future church by the Hultan. In the meanwhile trade matters at 
ConstaatiBople had resumed tW nonnal state, and uncertain prices made 
timid oontraetom. Accordingly Mr. Barges recast hit plan upon a 
<liminished scale, substituting a barrel for a groined roof, reducixig the 
nave to three bays in length, abridging the breadth of the transepts, cur- 
tailing the length iA. the eastern limb, and combining the trifonum and 
clerestory on tnc same principle as at JBrisbane, but retaining the chevet. 
In this form the building prettents indeed but moderate dimensions, but 
yet is invested with a peculiar dignity of plan, well suited to a "monu- 
mental'* chttcoh; to a structure that is, which, like the Ht. Chapelle, or 
Merton Chanel, Oxford, possesses attributes which raise it above the general 
run of parisn efaurohes, and justify it in borrowing some of the forms and 
stateliness of a cathedral. 

Mr. I^itreet*s design, which appears in all the grandeur of its original 
dimensions, is composed in an Italianising translation of Middle Pointed, 
and will at ouoe reoal tlte phin of Alby Caihednd, although, unlike Alby, 
it adds the grandeur of transepts, while it dispenses with that ring of 
chapels whioh have no um in the EngUsh ceremonial. Aisles are want- 
ing, and with them, of course, the tnforium and clerestory properiy so 
called, and so the whole church is one vast vaulted area, like King's 
(lollege Chapel. At the same time, as the left-hand moiety of the plan 
indicates, Mr. Street provides a low external cloister all round the nave 
for purposes of air and corninunication; and ss we see, to the right he 
pierces the wall- at the window level for a narrow triforial gallery, with 
gkm<i whidowB uti the external pUine, and ?dndow-like opening, mul- 
rione<l and tr^oeried, to the church. I must repeat, respoctmg this 
deefflu, .what I have already said vi Carpenter's Colombo design, that it 
would be a fpntA misfortune to art if a work of such merit were to be 
forg<itten in its author's portfolio. I do not know whether Mr. Street 
would aoreo with me, but I thhik it would be admirably suited for the 
cathedral of some northern city, where the winters are long and sharp- 
Ottawa for instance, or one of the prairie cities, should the episo^xd 
church of the United States find itsell strong enough to raise cathedrals. 
Those precautions which Mr. Street with great forethought has taken 
against the inconveniences of over-heat, would equally serve to ward off 
the inclemency of the biting frost." 



The du^yter— or nthcr the aerias of daptw i n vludi that 
portion of the book it incliided whidi has sow panod under 
leriew, condodea thus: ^Hariog now gtren if iMie why the 
inereoee of caUhednJa ia detumble, barinff treated of the atyle in 
which it ia ezpedicDt to build tbem, and brieily indicated their 
genend plan« and having thown how hr practice baa prored 
them poaoiblc^ I aball in the fioUowinff dutpteia proceed to con- 
aider the Tariooa portiooa of the bwudipg aa tbey anccewivdy 
preaent themoelTea^'' Hue part of the aofcrjeet occn|Mea the la^ 
five chaptera of the work; and ia commenced by an examination 
into the plan of cathedral diarcbe% wbidi not nnnatnrallj leads 
to a diocoasion of the qneation of duxal and mnaical warnem^ 
their preaent popnlariiyy and the appliances tbey require. Aa 
this is a ftatore of oor paUic aenrieea which baa become in- 
creasingly popolar of late years^ it daims to receive marked 
attention in the cafjiedrals of the present or the fatnre. 

Next follows a discussion of the question of basilican drarches^ 
and the natore of their amngements, and the reaaona wbidi 
led to their original adoption and wbicb woold render them 
now nnsoitable. This is perhaps the moat able and inte- 
resting portion of the book, and treats a difficult question with 
breadUi and intelligence. The differences between the Chriatiaa 
oommnnities of ear^ Bome and thoae of the medieval period are 
first shown, and the fitneas of the churches raised in eadi mg^ 
for the wants of Uiat age is then lucidly demonstrated, wbUe it 
is shown clearly that to so back to the earlier form would litHa 
auit the arrangements of the modem Anglican diurch, more di- 
rectly descended from, and in its ritual more doselr allied to^ 
the mediaeval than the ancient church. The great diferenoe Dea 
in the superior prominence given in the baailica to the epis- 
copal throne, and the seats for the assessors, which here form 
tiie oentnd and crowning feature^ and in the front of wbidi 
stands the altar, — a prommence surrendered early in the middle 
af^es, and replaced by the exaltation of the high altar, while the 
bishop's throne and canons^ seata occupy the sides of the ohoir. 
The multiplication of altars, however, which waa the moat dia- 
tincUve of all the features of a Bomiah cathedral, cannot poasiblj 
be copied in a Protestant church; and in the <^Nnu>n of many 
the great prominence of the one idtar is carried too far. Witn- 
out attempting to enter into theological and ecdeaiastioal dia- 
cussioDs, we cannot forbear remarking how near many of the 
bodies of Presbyteriaos and other dissenters have approadied to 
a return to ancient basilican arrangements. The architect who 
can succeed in persuading a congregation of dissenters to build 
a place of worship thoroughly in the spirit, and embnuong 
most of the actual forms, of the early Cbiistian basilica jndi- 
dously modernised, will produce an architeetursl work equal to 
many a Qothic church or even cathedral, alike for its com- 
mingled novelty and its venerable prescriptive antiquity, ita 
suitability to the feelincs and requirements of a large part of 
the Christian world in Uie present day, and ita connection with 
the traditions and customs of the eady Church. 

A practical chapter or two follow, which treat of the various 
parts of a cathedral, its painting and its sculpture, oonduding 
with supfgestions as to the modes of dividing existing dioceses 
and creating new sees; on this latter subject we do not intend to 
enter, nor will our limits permit us to say much about the othsr 
topics, which indeed we advise our readers to study for them- 
selves in the book. The advocacy of certain unusual forms of 
plan, and the decided preference expressed for groining in stone 
or wood, or for some sort of ceiling in preference to an open 
roof in cathedral and oUier large churches, are points especially 
deserving notice. 

When it is remembered that Mr. Beresford Hope was (as ia 
stated here) mainly instrumental in promoting the empdoyment 
of gorgeous polychromatic decoration in the church in Mar- 
paret-etreet, his observatioua on that subject will be read with 
mterest. We subjoin an extract 

"The application of coloured mateiial— marble, brick, and so on — 
both to the main features and the decorative details of buUdings, is 
every day coming into vogue with a fulness which never could have been 
oompassed while the steam-engine was still unknown. A few years sinoe 
those who, like myself, were in the van of this movetoent for 'polyohro- 
matic architecture,' or for 'constructive coloration' (according as the 
question was viewed from the one side or the other), had to give our 
reasons, and had to prove our opportunities: now we are ahnost over- 
whehned with success. Arohitpcts— Gothic, Italian, * Viiitorian' (saored 
and profane) — are all vieing with eadi other who oan prodaoe most red 
briok, and yellow brick, and black brick, most granite, serpentine, and 
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«iu»uitic tilei, all over ibeir bmldingK; while quMries st the Lizard 
Point and At PeteriiGtMl have becx»me luoraiive propertieB. It U well 
thftt it phoiild be so. There may he here and there exuberance, if not 
extravagauoo; but thi» la only the natural recoil Crom the maUbolge of 
atock-bfrick and cenaeDt in which we had been bo long wandering* I 
have alinoat now to address a caution in another diniction, aad to re- 
mind the man who is planning a Gothic interior that there Is such a 
thing ai a point-pot, and thatf wnile oonstniotive ooloration may rightly 
be his staplej, there were brave mem of old who have left immortal 
achievements traced by their brushes in the higher branahas of pictortsl 
decoratiofn." 

la taking leave of thii admimble volume we would remark^ 
tbat the occasions od which men of great wealth and great taste 
give na illnetrated hooks on architecture are so few, that we could 
have wished this opportunity had been seized for marking a new 
era in the history of Eogliah wood-engraving, Onr readers have 
had an opportunity of judging of toe excellent nature of the 
matter illuatrated and of the qufiiity of the woodcuts: that qua- 
lity is very gtiod, but recollecting the best illustrations in the 
works of Violletrle-Duc^ and some other French authors, and 
aware that it is only a queafcion of expense whether they shall 
not be surpassed by the works of native artiata, we should be 
glad when a second edition is required to see the opportunity 
seized to render a book by so distinmiished an authoi^ — and a 
book, too, 80 sure to have a large circulation — unqoeationably an 
advance with respect to its wocMicuta, not only upon all previons 
English, but upon all French books of the kind. We would 
heartily express our sense of the many and great excellenoet of 
the workf and most confidently recommend it to our readera. 



HeaUhif Moral Homes for Agricultural LabourerSf i5(c. By C, V, 

BfiRXARD, a "Practical Workman'^ of Forty Years' Experience. 

London: James Ridgway. IS^O. 

In reviewing an elegant book on cottage-building by Mr. 
Vincent (see vol. xxiii. p. 241), we pointed out the necessity of 
a much cheaper build than that gentleman proposed or at- 
tempted, before good could accroe to the agricultural population 
at large. The work before ub ia intended to supply Um destde- 
ratum, but most unfortunately cannot be said to have more 
than half attained its aim; for if the author has understood what 
was to be done, and has by economical arrangement and the 
employment of cheap materials, gone far towards attaining his 
aim, he has on the other hand ahown that, notwithstanding the 
"forty years experience" of which he boasts, and the reaulta of 
which he offers to the public in the form of "practical advice given 
on all matters connected with buildings of every description," add- 
ing, "we can provide working plana, elevations, and sections, with 
detail drawings and sjieci 6 cations, at a very moderate agreed price** 
^^nothwithstanding all this, and much good senae and shrewdness 
ahown in the observations the book contains, he is anything but 
a trustworthy guide, aud the book, if depended upon, cannot fail 
to lead to disappointment. The fact ia this: very good plana 
and very cheap materials are pointed out in the work, but the 
price at which the various tlesigns could be carried out is rated 
so low, and calculated so loosely, that in onr opinion it would be 
difficult to build anything durable and habitable for from one- 
third to one-half as much again as the sums named. Tina per- 
haps affords the reason why the price charged for profeaaional 
aervioeit is to be wry moderate. 

Our professional readers, and all acquainted with building, 
can test the truth of these observations, which we feel unwil- 
Hngly compelled to make, if they will, as we have done, care- 
fully check both the meaaurementa and the prices of one of the 
bills of ooantities appended to the designs* They will however 
find the oook in other respects suggestive: the plana are all 
compact and economical; perhaps the rooms are rather too small, 
but it ia of so much importance to get the right number of 
rooms in a cottage, that of the two evila we con aider small rooms 
more endurable than not enough of them. A desirable alte- 
ratioD would be in several instances to aubstitute a straight stair- 
case for one with winders: it ia necessary to construct cottages 
ao that a coffin can be brought down the atairca^e in the event of 
a death occurring; and thia, obvious as it is when pointed out, is 
oonatantly overlooked in the erection of auch dwellinga. 

Some economical modes of construction are pointed out, but 
we think in one or two cases that expedients neither quite 
durable enongh nor quite aubstantial enough for the purpose 
liava been resorted to: this ia eapecially the cave with the roof- 



ing, which it ia suggested may be of asphalted felt on boarding. 
The roofs so made are not bad aa covering*, but they require 
re-dreaain^ every year, or they will decay, and the dreasing 
besides bemg an annual expense, brings a very offensive smell 
with it, which lasts for some time. 

Some very apposite extracts frtim writers who have given at- 
tention* to tbe subject are introduced; and, as we have already 
stated, the practical observations in the book are many of them 
valuable, as for example the following: — 

**The childreD of a labourer rarely refDiaia ai home after they arc 
fourteen or fifteen; but the separation of the sexe« in their slet^ping- 
apartment is quite as proper for them as for tbe landlurd's sous and 
daagbters. The girls' bed- room is l/*rger than tbe boys* bed^ room, so 
as to be DocasiociaLly used as a work-room for the girls. Every cottage 
should possess the cOiir*nience of a sculleiy or back-kitclien, so tbat it 
may not be a matter of necessity that the perpetually recurring wash- 
ing, with its accompaniment of damp and steaiu, should take place in 
the presence of the asa— bled family. Foundations to be Uid on a dry 
soil. If a daj soil, put a bed of conarete 6 inches in height and 6 inches 
wider «ach way than the thicknesii of the wall. On this place the brick 
footings; and in all cases, at d inchea above the surface of the ground, 
pbce a layer of thick gaa-t«r mixed with coarse sandu qt two courses of 
slate, over the horizontal surface of all the walls. The walls to be to 
constructed as to completely exclude wind and lain. The grtMiod-floor 
should be raised at least 1 "foot above the ordinary level of the ground, 
contributing most dfeotofilly to the dryness q4 the house* Th«i^eight 
of rooms to be at least 7 ft. <^ in. from ioor t|lpeUi|£. It is 4s#inible 
tbat tbe front entrances should be at each entCxeeping the two fiunilies 
separate. All the doors on the ground-floor^^to be not less tbau 6 ft. 
6 m. high; thoee to the bedrooms 6 ft. i in. 4JI the windows tP be at 
least 4 feet high, and of good width, to slide. Caaemeots on friction- 
rollers — bottom and top. Tlie medi<»l profes^iou oomptaiu, an4 appa- 
rently with great juaiioa, of the evils resulting from the dra^ighta of 
sasbes hung to work up and down, as when th* lower msh is ^Mn the 
draught stnkes the chest, apd the top sash down, tho d mugb|_^B trik€9 
the bead. As an Saiahlidhed fact, many pulmonary codHMb arise 
from sitting against windows thus open; and thi^ of t^ repealed Aoonve- 
nienoe of opening the top aashf at times the most important one to open 
for good and efficient ventilation, is severefy felt even in fiiiit-r*te 
houses, and much more so in cottages; and :\ broken line to a hanging- 
aash causes much trouble to reinsUte. This, in cottage building, i a 
remedied by the adoption of sliding* casements. The slightest distance 
moved creates ventiktion by the flow of air the whole beigbt of sash, A 
projecting roof is of great importance; besi es protecting the walls, it at 
all times gives a certain style to even a very humble dwelling. A poreb 
adds effect to the building, and adds greatly to the interior warmth of the 
cottage. The floors to pantry and coal-ceUar to be level with the foot* 
ings to main walls. A brick bench should be placed in all pantritt 
as a useful appendage. A sink should be placed in the aeolkty, 
through which slops of every description can pass through a trapped 
stonoware or iron sink (stoneware, as the most cleanly, preferred) lo a 
trapped stoneware drain to the manure tank (a most indispensable re- 
quisite to the cultivation of a garden). Nothing will contribute to much 
to oleanlineis in the house and at the door as for the wife to find that 
it ia loss trouble to deposit tbe alops in the sink than to ea^ them 
to the door. ...... 

Good drainage is indispensable; this may genet«lly be «4)taincd at ik 
BmaU cost. The common glazed earthenware pipes, 3 inchss dianister, 
are sufficiently large to cany off tbe drainage from a cottage. All draiiiS 
should be trapped with a syphon irap^ thus preventing the oecape of foul 
air, and the admission of vermin into the dweUIng, The drain iihouid 
empty into the manure tank adjoining the n^oeasiure, watering- pi Ace 
and pigstye. Cottages may be divided intt^ several classes or sfzds. One 
of the smallest size for a labourer and his wife, baring no children, oon- 
tains a living-room, bed-room, scullery, and pantry, with porch. Next 
si^ requires living-room, two bed- rooms, scullery, pantry, and poroh. 
Tliird size, the same accommodation, with three bt^d-roomt. The rooms 
to each cottage are planned to a minimum n\ze so as to he usef^U, at a 
coat to yield a g^ood investment from a moderate rent." 

The phins of cottages given in the book follow pretty well tlie 
indications in the above-mentioned extract, and the specimens 
appended show the style in which it ia propose*! to buUd them» 
It ia perhaps proper to mention that earth-walla are proposed to 
be used, and that full directions are given in the book for build- 
iuff them; they are not understood in many parts of England, 
and oonaequently the account of them ^ ^^^ 'in may be of value 
to persons who are disposed to make ni, and who <wii- 

template building to an extent that v.. .., , ;. .ulerit Worth while 
to introduce a new method into their district; for one of the 
great secrets of economy in cottage- buil dine ia as a rule to 
employ only tkoee materials and methods of conttructidn most 
common in the district where yon build. 
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TOBEiG% PrBLICATI05& 

•ft, tk^m0^ it k Dot MMT iolMoiad to gire a detsi&ed aaaiywm <d 
thmr tfmUmu m mOiftr hmUaeit, TW fint— «Kthlad ' CiCMdhir 
itff HitjfmM: rffffim m # wm g<rf i g ilr U Umr temirak^ (Park. 1%6L 
pp. U^ 2^^ pfaitei y w UtfiMi an JwimifBUe acoMot of Uie works 
ml/ oftdKrtalM« aad aaananfallir earrwd oat in R|MiriDg the 
ewirii t</«r«r <»f Bftjecix CatbedjiX Tb« reeeitt £dl of the tower 
aA4 jvfifri^ at CludMatcr Kaa given to the works at Bajeoz, and 
tkts pvbliifMd aeoooAt of tbi«, a great totereat; for the dream' 
aCaaoM </ tlM two ti>wers were rtrj ffmslar, and the eaoaea of 
fiiilore i4et»tieaL Tbia acecMmt k e&rl/ written aod qjv i oMlj 
fllaatrated witii eugr%rmpL Witboot attemotiiBg, at aoy rate in 
tbe vnmeai ootiee, V^ gire anjtbing apprcadKii^; to a dcaerifiUon 
<4 ws works aetiMlJ/ oodertoken at Bayeaz, we mar in a lew 
words fzuta tke eooeioding pafimiphs of the work gire tbe 
m»mm»ij of the rcsolu otcained^ whidi k thos sunjplj and 
modesCl/ laid bf the aothon before the imUic; after deeeribing 
the reoMrral of the last shorts and staja. 

''The work wae aow k &ct ewM; the 6awnwmrd laetko «f the 
tewer^ wkkh, ennhisg its tikeoaiiSfted sepportt, thresteiied to evry 
alW H the whek ttrsetofs^ had been (bit dMdced bj thorai, and 
s sb fts q eea dy smsted hf the ereetka of tnwsed thorai, lisr wbidi it 
hsd be«i fliBHSiiy to eooitract OMet exteoeire kondatkas m the 
grooad; H had then beeooM poarfbk to l ee wmu ct the pkrs m a w^rj 
mM wmam, aad thej eopported the tower, wUch had not vodefgDoe 
mij aM^fSM t t after the moneot when tt obtaked its besring oo the 
Xrtimm. Tbeee pkfs are not mAj espshk of ewiTlDg the crow pk g 
f»at«fe;(the wfkn), wbkh irUl at a fbtnrB di^ be added, bat thej sko 
present fimr mamm k the eeotfs of the boildtttg etrong enough to 
withstand the thrnets of the earronndkg portkos, and thej aftbrd, 
k nkee of a eaaee of ntk, a sopport to tos whok lemsindw of the 

Thk Tolnme Yetr Inddlj detaik the steps here sommed np, 
and gfres the rssiuts kA esperimeots made on the strength of 
tfie materkk employed donng the progress of the works. Tbe 
pUies ars dear^ and in sofBdent nombm to enabk a reader to 
2»Uow tbe ▼arioos operatkns very easily, and the representsr 
tioos of tbe pkn d tbe old pier, and A the cracks that had 
occnred in those piers, are ail tne more interesting to an Eo^ieb 
reader beoanss they are all bot ilMHumiles of the same portions 
at f ^1iichester« 

Mad works of thk nature been undertaken in time at oar 
Rnglkh cathedral it k very probable that we should not have had 
to deplore tbe lots of one of tbe great ornaments of our country, 
aud that — heavy as the expense would have been — they would 
have co»t lees than the proposed renovation of the tower and 
spire. Tlie Bayenx works appear from the volume before us to 
have involved a total outUy of 855,000 francs, or about /34200. 
It k hard to say whether the same works would or would not 
have cost more at Chichester — in all probability they would 
have been more costly, fur the very lofty and ponderous spire 
would have required even more care in the treatment of its sup- 
ports than WAS needed for those under the comparatively low 
lafitem that crowns the crossing at Bayeux. Still, cost what it 
would, to retain the old spire would have been a great triumph; 
and to all who wkh to prermre for meeting such an emerffencry 
as the failure of a tower with success, we can recommena this 
volume as of much practical value. 

' Dm Ctmcourt wmr le$ Mmumenti PubUa dam le paaSf le pr&- 
nntf et l*avmirf by M. C^r Daly. This pamphlet on competi- 
tions will be more appropriately noticed in our series of articles 
eu that subject, and a rererenco to it will be found at p. 209 ante. 

Some further numbers of 'NouveUet AnnaUi de la Corutruo- 
tUm^ are before us, and fully keep up the excellent character 
which this work has acquired for variety of information on well 
■elected subjects. lu the number for June there k an excellent 
paper, though perhaps open to the objection that it k rather too 
eleraeutary in its character, on the water supply of towns; fol- 
lows<l by an account in detail of the system employed at Cr^teil, 
near Park, with illustratious of the machinery. From the first 
part of thk article we extract some interesting matter, premis- 
ing that the measures are given in French litres — a litre being 
equal to 61*028 cubic inches, or about '220 of a gallon; the amounts 
will therefore be slightly in excess of the truth if each litre be 
taken to represent one quart— but in an approximative calcula- 
tion of this nature the error would not be large enough to be of 
serious importance. 




Fer2>wheekd< 
P«r4'«heckd4 

Per kne-powcr kr if disi-p 
Per kw ee po w s* tut lom-i 
PersqosreiBeCieef gstlea, fetdj 

TyitMA,^aSkj 

Per liath, daily ,^ 
For flaiinBg gotten, per cock 
For watering roedsy per sqaare Sketre 
With these data, knowing the number of inhabitants, hones, 
ftcL, and of sqoare metres to be watered or maintained, it k poa- 
dbfe to cakolate appronmatefy the quantity of water it k neeea- 
aary to raise from a stream, or draw from a spring; whik the 
general ky of the town will give the poaiticfis of the diffisrent 
apparatos necessary for its distribotion. 

TaJUe €f tke Qmantit^ of Water dUtrSkmUd dsai^ im eartrnm CkieB 
per ' ' 
Qoaatity. 5aae of dkj. 
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New Syetem of Arranging Chknnege, — ^B£ De Sanges, an ardii- 
tecV and M. Masson, have addreased to the French Academy 
of Scknces a paper regarding their system of arranging chim- 
neys. It oonskts in uniting all the flues in one place, so that 
the smoke passes uito a single chamber or receiver near the roof 
of the house, and from which the smoke escapes by an opening 
at the top of the chamber, in its oenti^ The system has been 
tried witn satisfactory results. Eight flues opening into a single 
chamber, and used singly, or two, three, or more at a time, and 
with wood, coal, and c^e, have been used for eighteen months, 
and the draught has been very regular under all circumstances. 

The AeeocUUian for tfte Prevention of Steam Bailer ExpMans. 
*-Mr. L. E. Fletcher, chief engineer, in hk last monthly report, 
after allndinff to a case where a tubular boiler had b^n mate- 
rially injured by incrustation, Btates: "I am so constantly meet- 
ing with cases of thk sort, where, from the neglect of tbe simple 
precaution of blowing out, a good deal of property k sacrificed, 
that^-even at the risk of repetition — I cannot forbear calling 
the attention of members to it I am constantly asked what 
should be done to remove incrustation which should never have 
been allowed to form; and beg to recommend, as tbe most simple 
means for its prevention, r^lar blowing out from the surface 
when the water k in ebullition, and from tbe bottom when it 
k at rest. I find the blow-out apparatus in many boilers very 
inconvenient, if not entirely unfit for use, some of the taps being 
so made that they cannot be opened — or, if opened, cannot be 
closed; others being rammed full of horse-dung till ^uite choked, 
to prevent leakaffe; while many have no waste-pipes, so that 
the boilers can only be blown out when the pressure k low, for 
the fear of scalding tbe men, and thus the practice is too fra- 
auently confined to the week's end. I may add, that perhaps as 
httle trouble is experienced with a tap made with a dose bottom, 
entirely of brass, and fitted with a gknd, as with any other ar- 
nmgsment." 
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NEW CHAPEL, HAIilPSTEAB, MIDDLESEX. 
(IPilA an Engraving.) 

Tbe accompuDying iUustration give^ a pewpective view ami 
pltm of a very aimplu and elej^itit chapel now erecting In Filgnm a- 
Jano, Hatnpstead, a short diataDce from the Heiith. T!ie atyle of 
arobitecture h Gothic, of the Earlj Decomted period. Thia atmc- 
ture will architect undly be a great ac<[ui&ition to the neigh bour- 
hood. It poeaea^e^ sufficient omatQent to give a distiDctivc 
character as a chapel, ami will be highly suggestive with respect 
to future buildinffs of thia chipa. The material eaiployeil is Haa- 
«ack stone, face J externally with Kentish rag, with dressiuffs of 
Bath atone. The roof will be covere<.l with alate, in bauds of two 
coloara, and the bell tun'et with oak shingle^ Internally^ the 
roof is of one apan, with curved braces. The whole of the wood- 
work and fittings are of deal, varniahed; the aisles and ptissages 
paved with Staffordshire tiles; and the warming will be effected 
by Gnrney*a apparatus. The entrance-porch on the south aide con- 
ducts to a lobby at a right angle with it, thia arrangement being 
adopted with a ¥iew to prevent the entrance of draughts — ao 
often a aourca of inconvenience in chuiches and chapels. Accommo- 
dation is provided for 4oO adults on the ground level, and provision 
is made for the addition of a gallery at a future time. The design 
waa prepared by Mr, John Johnson, architect, of 9, John-atreet, 
Adelphi^ and is being carried out, under hia superintendence, by 
Messrs. Dove, Brothers, builders of Islington. 
Reftrtncea to Oround Plan, 



A, A, StttiDga. 

B, Pulpit, 
^ C, Organ, 



D, D, Porches. 

E, E, Stores. 

F, Vestry. 



G, G, Lobbies, 
H, H, Closets, 



VENTILATION OF DWELLINGS AND HOSPITALS. 

Majty valuable facta on subjecta of practical importance are 
to be found in the report^s of commissiuns deputed by govern- 
ment, and of committees appointed by tbe House of Commons, 
to inveatigate and report upoii atich aubjecta. Very recently, 
the^ report of a conimisHiou appointed to inspect liaiTacka and 
military hospitals has been printed, and as it ia conwpicuoufl for 
the excellence of the opinions expresaed, and the auffge^jtions 
made on the subject of ventilation, we propoae to give some 
account of that part at least of this report, connecting with it 
aonie notice of an earlier report presented to the General Board 
of Health by a commission appointed to inqnii'e into the warm- 
ing and ventilation of dwellings. The instmctiona to the Com- 
roissioti on Wanning and Ventilating Dwelling-houses were 
given in May, 1856, The report ia signed by Wm. Fairbaira, 
F.RS., Jamea Glaisher, F.R.S., and Charles Wlieatstone, F.R.S. 
The iuatructions to tbe Barrack Commission were given about a 
year and a half later— viz. in October, 18^7» and after the pub- 
lication of the previous report; but ao long and laborious was 
the task confided to the commission, that interim reports have 
been from time to time aent in, and tbe complete one was not 
issued nntil April last; it is signed by John Sutherland, W. H, 
Burrcllj and Douglas Galtou. 

The circumstance which provoked the appointment of this 
commission waa the preaentation of the Report of the Royal 
Comriiiaaion appointed to inquire into tbe sanitary state of the 
army. That report had ahown that in the army, when stationed 
on home service, there was an excess of deaths per annum above 
the average rate of deaths prevalent among males of the aame 
ages in England and Wales, to an alarming extent; for the 
deaths among the soldiery were shown to be 17-5 in the ICKX) 
per annum, while those among civilians stood at 9-2 per 1000 
per annum. So remarkable and significant a fact pointed to the 
OonditioD of the dwellinga of soldiers, and to their mode of life, 
aa i^uiring altenition; and the commission whr#se report ia now 
before us was appointed to examine in detail the buildings used 
as barracks and nospitals, and to report upon and superintend 
improvements possible and requisite. These duties required a 
vast amount of attention to details, and rendered necessary a 
number of distinct reports on separate barracks and military 
hospitals. The present document gives the general principles as 
well of future const ructi on « as of improvements in existing 
buildings, and embraces both theoretical and practical generali- 
aation; and the most prominent topic, whether dwellings for the 
healthy Sf Idier, (t.f, barracks) or hospitals for him when sick. 



are under consideration, is the one which forms the subject of 
this paper. 

The portions referring to military hospitals will be almost as 
valuable to tho^e engaged in the study of civil hospitals as to 
jieraons especially engaged on army works; and ao large a part of 
the observations relative to barrack-rooma is so periectly appli- 
cable to other rooms where many human beings live or sleep, 
that we make no scruple in recommending the report to all en- 
gaged in the construction of any kind of human habitation. 

**The health of a barrack," observes the commissiuu, "ia depen- 
dent on free moving pure air outside and inside its walla, and 
anything which interferes with thia prim© condition of health 
will act ujjurionsly on tbe men." Accoi-dingly, it ia urgently re- 
preaeuted that the dispctsitiou of the buildings as provided for 
on the block nlan, should be such as to allow the freest and moat 
uninterrupted circulation of air possible round every part of 
them, — an essential requirement, alike of civil or military build- 
ings, but one to which attention is but rarely given. 

*Tlie errors in iiImi most frequently committ^xl arc the follomng.— Want 
of Biu^licity in the general arrangement of the hIock»; buildings bo placed 
ae to mt^-rfere with the ventilation of each other; buildings er»3Ltecl round 
cloao<l coiirte, or with deep, dosed anglea; hairack-rotmi buildings phiced 
too close to the boundaiy walla; with latrineB, unnuls, dung heaps, aah- 
pito, ko. placed id a narrow space between tbe baarack and wall; buOd- 
ingH in w^cb the men are conoentrateil in one or two large blocks, instead 
of the barracks being vpread over the grcmnd. These errors in plan in- 
clude hospital as well as barrack rooms, and their gtenenJ effect as 
regards health ia to obstruct that free movement of Ixub external atrno- 
phere over all tbe surface of the btiUdingii which is esseaitial to tbe presar- 
vation of purity of the air within the rc»oiDs. Free access of hght is 
prevented, and the air, already stagnated by the arrangement of the 
buildings, ia liable to be renderod more impure by nuiAanoes,^* 

Deaoending fi-om general arrangement to the details of the bar- 
rack-rooms, the commission found that the evil of overcrowding, 
along with utterly insuthcient ventilation, was all but universal, 

" No doubt this unsatisfactory state of regulation as to cubic spaioe has 
arisen from the circumstance that Ihoete persons intruAted wim giving 
effect to the regulation have not appreciated the influence of overcrowding 
on the soldier's health. They have not been aware that if above a cer- 
tain u umber of men are placed in a given cubic ttpace, tlic lives of some 
of these men, and the health of others, are certain to be sacriJSced. They 
have not considered that to this ov*jrcrowding and its concomitant want 
of ventilation a largo part of the excoasive army mortality is due." 

The amount of space which it is proposed to allot to each soldier 
occupying a barracKJ-oom is COO cubic feet The value of thia apace 
is n<jt that it contains air enough to supply his respiration for a 
great length of time — ^for it would not remain fresh for an hour 
— but only that it allows of the contained air being changed 
constantly, and yet graduaUy, without violent and InjuriotLS 
currents. 

The opinions of competent authorities have varied very much 
as to the amount of air required to be removed in a given time, 
and replaced with fi'esh, for each occupant of a room. In both 
the documenta before ua the amount named is substantially the 
aame — viz, from 15 to 20 cubic feet per minute. The barrack 
committee, adopting the largest of these amounts, considered 
that they were bound to provide means for introducing and 
removing 1 200 feet of cubic air per man per hour — or, in other 
words, for renewing tbe air in the rooms once every half-hour. 
How to do this efficiently was not at once obvious, 

' ' Thi? following is the problem requiring to be solved in ventilating a h$x- 
raok,— In a building conaiatiug of a number of rooms, generally entez«d 
fmm eomiEion paauageii or staircases, sometimes directly from tbe outer air, 
\i having an 0{:ieQ fireplace — which it is essential in every instance 
-how to supply, at all seasttus and temperaturea, and by day and 
iu_ V r -isin by itself, and independently of every oth«r room, with 

a > r air to keep the room healthy, and at the same tune to pre- 

vei L . .i-t^rature frcin faliiuff bek>w what is required for the comfort 

of the men;— to do this with the Last possible interference with the struc- 
ture of the rooms, on a plan not tsmly deranged, and at a minimum 
cost ? The terms of this pri>hlein show at oooe Uie difficulties in the way 
of ventilatiiig barracks. None of tbe methods we have seen in us4^ 
afford anythmg like a solution of it, and we have had to consider the 
whxjle problem anew. We have endeavoured to solve it, and believe 
wo have succeeded in doing so to an extent sufficient for all practical 
purposes." 

Various inventions and systems were reviewed by the commis- 
sion before coming to the conclusion expressed in the above 
extract; they are thus classed — 

** The plans sulMiiitted to us were as follow:^!. Method of prnp^ling 

50.51 
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•ir into bursck-rooiiij bjr fftu-wbeeli uid tcrewa driven by «fi«4iii» or 
bv otber mechjuiica] meftOA, 2. Metbod for extnctiog vr from bAtrmck- 
Toonu by tbe d»ft of » be*teil flue, or by meohimkA] oontriviiticefi. 
8* Meihodf of remonng the eir by Hbiinfte or opeiiLngi^i^ variously pUktmed 
•ad anuged, AH, or nearly all of tbe plans in the firai ood «eoQiid 
dawei provide for wanmng the air ailtnittcd, and diipeoae with tlie open 
fire-plaoe." 

These methodjB are suociotly and fairly reiriewed, aod Arnott'a 
and Sheringham'a ventllatorB are described aa having been in 
Home cases aueceisfiiUy iatrodaoed iuto individaal rooms. Aa 
there la nothing more often desirable than a good and simple 
metbod of venlilatiDg existing rooms in dwelllng-houHes, we may 
draw special attention to the combination here recommended, of 
an Arnott valve, which is an outlet, with a Sheringbam, or inlet 
▼alye. From experience we can speak well of the aatisfactory 
action of tbe two in conjunction, an<l also can corrobc^rate the ob- 
servation made here more than ouce^ that it is eisentiai to tbe 
succeasfnl action of an Amott valve that the throat of the chim- 
ney should be narrowed below it. If this be not done, the valve 
will at times admit smoke iuto the ronm. 

Wateon's, Mackennel's, and M air's ventilators, and several 
elaborate systems for tbe ventilation of large buildings, ain* dis- 
CQSsed, their merits fairly admitted, and the reasons which for- 
budo their general introduction into barracks clearly stated. The 
metbod which was at last adopted was to extract a portion of 
the vitiated air by shafts carried up vertically, tbe movement of 
air in them being occasioned by the greater lightness of tbe 
escaping air than that of the outside atmosphere; the chimney- 
flue waji relied upon for removing the remaining part of the air 
required to be extracted. Tbe fresh air to replace that extracted 
was intro^Jnced partly by direct inlets, and partly by inlets 
oomrounicatingwith a chamber behind the fire; so that lu winter 
a portion at least of the fresh air shall be warmed when it 
enters the rcK)m. 

(7*0 &e eoniuMbed.) 



THE EMBANE:MENT of the THAMES. 
Report of the CommUtiotier$, 
We the undersigned members of your Majesty's oommission — 
appKtinted to examine into plans for embanking the river Thames 
within the metropolis, so as to "provide with the greatedt 
efficieucy and economy for the relief of the most crowded streets 
by the establishment of a new aud spacious thoroughfare^ for the 
improvement of the navigation of the river, aud which will afford 
an opportunity of making the low-level sewer without disturbing 
the Strand or Fleet-street, and also to report upon the ooat and 
means of carrying the same into execution" — now humbly submit 
to your Majesty the conclusions at which we have arrivetl, and 
the recommendations we have agreed to offer. 

2. The nature of the inquiry entrusted to us was made known 
to the public by advertisement in tbe newapapeia, and more 
than fifby designs were presented for our eonsidenition; and the 
authors and other persona interested have ha^l the opportunity of 
publicly expkining aud illustrating their respective views upon 
the subject 

3. The main features of the majority of the plans are an em- 
hanked roadway on the north side of the river and the formation 
of docks with the view to retain all the existing wharves; in 
others, railways in addition to the roadway and docks have betjn 
proposed; whilst in a few a solid embankment anil roadway, 
witnont either docks or railways, have been suggested. Amongst 
these latter is a plan by Mr. Shields, some of whose suggesdona 
ap|>ear to us to afford in a greater degree than any of the otlier 
designs the basis upon which an efficient and economical scheme 
may be founded. We desire how^ever to express our high appre- 
ciation of the great engineering skill and abilily that has been 
•lisplayed in many of those designs which contemplated the con- 
struction of docks and railways. 

4. The wharf property between Westmiuater-bridg© and the 
Temple-gardens is for the most part devoted to the coal trade. 
We find that great facilities are now fifforded for the distribution 
of coal by the new system of unshipping in the docks into railway 
waggons, and by various depots on the railways in and near tbe 
metropolis. We are of opinion that public convenience no 
lonflir neoeasitates the continuance either of the coal or any other 
trade in this immediate locality. We therefore think that it 
would not be expedient to oonstruct and maintain docks for the 



sake of preserving the existing wharves between tbe poLnta we 
have mentioned; whilst their removal will greatly simplify tbe 
formation of the embankment, and aild to the beauty of tbe 
river. The wharf property however between the Temple- 
gardens and Blackfriars^bridge cannot, in our opinion^ be so 
treated; and that eastward of Blackfriars-bridge is so important 
in a commercial point of view, that we do not recommend any 
interference with it. 

5. Having regard to these and other considerations, we are of 
opinion thai we ahall best fulfil your Majesty^s iuatmctions, 
and provide for the requirements of the public, by establishing 
a spacious thorough (aie between Westminster-bridge and Black- 
friars-bridge, by means of an embankment and roadway; and 
that the new thoroughfare thus created should be continued oa 
eastward fi'om Black mars-bridge by a new street, according to the 
line formerly laid down by Mr. Bunning, the City*8 architect^ 
from the west end of Earl-street, across C^muon-streett to the 
Mansion House. Without such a street no relief whatever would 
be given to the crowded thoroughiaf es of Ludgate-lull, St PaulV 
churchyard, and Cheapaide. 

6. The line of embankment at Westminster would coindde 
with the terrace of the Houses of Parliament, and from thenoe to 
Blackfriars-bridge would nearly follow the line laid down for the 
Corporation of the City of liondon in IM\ by Mr. Walker, 
Capt. Bullock, Mr. Saunders, aud Mr. Leach. The general level 
of the embankment and road would be 4 feet above Trinity high- 
water. The road would oommenoe at Westminster by an easy 
descent opposite the Clock Tower, and be continued on, 100 feet 
in width, to the eastern boundary of the Templo-pirdens; from 
this point the road would be reduced to 70 feet tn width, and 
carried on a viaduct supported by piers of masonry, rising to tbe 
level of Black friars-bndge, so constructed aa to leave a breadth 
of water for the convenience of the City Gasworks and the ad- 
joining wharv^, of about 70 or 80 feet. The spaces between 
the piers under the ascending road would be left available for 
barges to lie, and afford easy access to the water between thia 
structure and the whar\*efl. 

7. From Westminster-bridge to the eastera boundary of the 
Temple-gartlens, the embankment— enstained by a river- wall- 
would be solid in its whole breadth; whidi breadth opposite 
Richmond-terrace would be 220 feet from the existing river- 
wall. At Hungerfoixl it would be r^^O feet from the existing 
whai'f; at 8omei*set House about 12U teet; and at the Temple 
about 220 feet. 

8. With respect to the appropriation of the reclaimed land, we 
would recommend that so much of it as shall be in front of the 
Crown property — which will be aboat 1^0 feet in width in ite 
narrowest paHr— should be laid out in ornamental gardens for 
the accommodation of the occupiers of the houses, and that the 
portion in front of the Temple-gardens — also about 120 feet wide 
— be placed at the disposal of the society, to be dealt with in a 
similar manner. The other portions of the reclaimed land may 
either be kept open for tbe health and recreation of the public, 
or be applied to building pnrpoaea. 

9. We propose that communications should be made with the 
intended roadway from Whitehall, opposite the Horse Guard% 
and also from some of the streeta in the Strand; and that a new 
street should be formed, passing through the Savoy to Wellington- 
street The frontages on these streets would offer eligible sitee 
for building, as would also the inner frontage of the new road, if 
it should hereafter be thought fit so to utilise the ground. We 
however feel it our duty to recommend, that while economy and 
utility in laying ont and disposing of the ground shonld be kept 
in view, endeavours should be mtide to invest this new nnd con- 
spicuous work with some elements of interest and beauty. 

10. For the improvement of the navigation we recommend that 
the existing Hhoala between Waterloo and Westminster bridges 
should be removed, due regard being had to the foundations of 
the former. Also thut an uuifonn low-water channel of 6 feet in 
depth at ordinary spring-tides, and 600 feet in width from the 
embankment- wall, be secured, and thus the sU'eum be more equa- 
lised iu velocity. If at any future time any effect should be pro- 
duced on the river from the diminution of its cafiacity for tidat 
water by reason of the embankment, arrangemeula may be made 
higher up the river by dredgingj or by a tidal i-eservolr, to 
compensate for the loss. Tbe consideration however of this 
matter would naturally devolve on the conservators of the river 
Thames. 
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IL The emliaukment And stroet we have proposed will afford 
aa opportunity of making the low-level sewer without distxirbing 
the tstrand or Fleet-street, and at the same time facilitate the 
construction of the sewer eastward of the emhatikment. 

12. We are not prepared to recommend the constmcUon of an 
embankment on the Surrey ahore at present*, but if hereafter it 
ahould be thought desirable or necessary to embank any portion 
of it, the seheme we have proposed for the Middlesex side will 
not in any way interfere with it, 

13. With regard to that part of our instructions in which wo 
ar© commanded by your Majesty to " report on the coats and 
means of carrying the same into execution," we beg to report 
that we estimate the cost of the land, making compensations, 
Gonstrncting the embankment and roadways, aud also acquiring 
the property in the City for, and forming the new street to, the 
Mansion House, at £l,5iX),000, This amount however would be 
reduced should it he thoogjht right to dispose of any of the re- 
claimed land on the bank of the river for building purposes. 

14. Parliament having appropriatetl the coal dues to provide 
for the outlay necessarj' for this great work, it only remains for 
na to express our opinion as to the ^* means of carryiDg the same 
into execution," 

15. Looking at the magnitude of the work, the important and 
varied interests, both public and private, which will be effected, 
and the urgent necessity for its early comnletion, we are of 
opinion that the control and management uf the UQdei*taking 
ahould bo entrusted to a special commissiou, appointed by your 
Majesty, in order to insure the speedy and ecouoniical attainment 
of an object so much needed by the public, and affording ao favour- 
able an opportunity for the improvement of the river and adom- 
mentpf the metropolis. 

William CuBnr. Edwd. BrEaTAL, 

Joshua Jzbb, JIk^ut A, Hunt, 

Douglas Galton. John Eobinson M'Clean. 
22nd Jttly, 1S61* 



THE COMPETITION DESIGNS FOR THE HOUSES OF 
PAELIAMENT, SYDNEY, 

The designs for the New Houses of Parliament and Govern- 
ment buildings, proposed to be erected at the entrance to the 
Domain, in ilatiquarie-atreet, have been publicly exhibited in the 
new reading-room of the School of Arts, Sydney. 

The following gentlemen have been appointed commissioners 
to decide upon the award: — The Colonial Secretary, the Minister 
for Lands, the Minister for Works, the President of the Legisla- 
tive Council, the Sptiaker of the Legislative Assembly, Sir 
William Macarthur, Mr. E. Deas Thomson, Sir Charles Nichol- 

D, Captain Ward, aud Mr Whitton. The functions of the 
amiBsioners will be con Sued to making the awards, no promi.'^e 
being made that either of the succeasful designs will be cariied 
out Even should a design be selected, the question of cost 
threatens to present a serious obstacle to its execution. It is 
stated that to erect any of the proposed buildings would involve 
an outlay of above ^^U0,000. One of the designs— and that by 
no means the moat elaborate — is estimated by it8 author to coat 
in executifrn £500,000 at English prices, and the cost of carrying 
out one of the more handsome dengns has been computed at a 
million and a quarter. 

The number of designs received is twenty or twenty-one, in- 
cluding two separate designs accompanying one set of plans. Of 
these, eleven were from Englaud, and the remaining nine from 
Sydney and the adjacent colonies. There is nothing in their 
appearance to distingtiish the colonial from the E)uropean designs. 
Only the names of three or four of the competitors appear to be 
known in Sydney; and it has been confidently state*! that more 
than one of the designs which are most admired are colonial pro- 
dnctions. 

Considering the means that have been taken to invite exten- 
sive competition, the expectations of many persons with regard 
to both the number and the character of the plans have been 
disappointed. The principal reason offered for the fewness of the 
competitors was, that English and European architects were not 
disposed to compete where the successful competitor would not 
have the carrying out of the work. The supposition that a large 
number of Eoghsh architects would send in plana operated to 
deter colonial architects from competing, thinking, no ooubt, that 



they would stand little chancf> of success. Some of tli^e regret 
that they did not tender, believing that they could have pro- 
duced designs, if not of greater architectural merit, at all events 
better adapted to the situation and to the purpose than many of 
those exhibited. 

The subjoined notes upon a few of the deaigna are condensed 
from the Si^dnetf Morning Her aid: — 

**Falladio."-^The stipulationa as to the elevationa being in 
simple outline is violated in this design, but only to the extent of 
colouring with sepia one of the perppective drawings. Without 
that aid it would be recofjinsed as possessing very great merit 
The design is Italian, and essentially palatini in its character. 
There ig a bold, deep, rusticated basement, above which a row of 
Corinthian columno support a masaive entablature relieved by a 
rich balustr^ide. In the upper portion of the elevation matica* 
tion is introduced with very good effect. Several towers arc 
introduced, large but well propoHioaed. The shape of the build- 
ing is oljlong, the two chambers extending eastward and weat- 
wai'd from an open court in the centre, the Government Offices 
raugj|}g round the buildings There are, altogether, seven courts, 
each of which is ornamented by a fountain, 

" Hora e Sempre," — There are two designs under thia motto, 
the one Classical and the other Gothic, The Classic design is 
extremely massive and imposing. liinges of stately Corinthian 
columns, with massive entablature and pediment, approached by 
a broad flight of steps, and crowned with a shapely octagonal 
tower, together with the harmony of the various members, con- 
atitute an ideal of palatitJ magnificence. There are a few defects 
in the plan, such as the absence of colonnades, which might be 
remedied if the design were adopted. In the plan, the parlia* 
mentary offices occupy nearly half the block, the chambers ex- 
tending' parallel east and west. The harbour front is devoted to 
the Public Offices. 

The Gothic design is also exceedingly handsome. It is^ indeed, 
80 beautiful a 8[>ecira©n of that style as entirely to propitiate 
the favour of those who are opposed to the application of the 
Gothic to such purpoaes. Over the grand entrance there is a 
massive tower, well shaped and richly finished. The elevations 
of both of these designs are so arranged that the one set of 
plans will do for either of them. 

"Dan York.** — ^The architecture adopted in this design is a 
very close copy of the Louvre, in Paris; indeed, there are reasons 
for believing that the drawings have come from France. In 
the elevation, Corinthian columns alternate with windows with 
circular pediments, which, in combination with the artistic ad- 
justment of the other parts, pnxlnce a very rich effect Some 
pavilion towers are introduced. One of the towers, which is 
ascended by steps outside, affords a spacious promenade. The 
figure of the block is nearly square; it is divided into nine almost 
equal squares. Each of these is made use of for a court, ex- 
cepting the centre divisions on the east and on the west sides^ 
the former of which is devoted to the Assembly Chamber, and 
the latter to the Council Chamber. Both of the chambers are 
simi circular in shape. 

** I bide,'* — The architect of this design has violated one of the 
conditions of the competition, which was, that none of the ele- 
vations should be coloured. A perspective drawing of the pro- 
posed building is very cleverly coloured, giving artistic effect to 
an extremely beautiful design. Great admiration ia bestowed 
upon tliis picture, which ia not to any great extent to be attri- 
buted to the painting, as an uncol cured view of the same per- 
spective, hung up alongside, is almost equally attractive. The 
design is Gothic, in some of iU parts resembling the Doge's 
palace at Venice. Several lofty Moorish towers, including a 
campanile, with richly decorated spires, are introduced. The 
effect of light and shxule is most artistically studied in the eleva- 
tion » the bold and numerous projections throwing pleasing sha- 
dows across the other portions of the stmctnre. The plan of the 
building is nearly square, except that on the east side tliere are 
two wings. The Ijcgialative Chambers are at the eastern end of 
the building; the interiors of these are equally elaborate with 
the exterior. There are alt/>gether thirteen courts, but these are 
of very small size, aud apparently insufficient for the thorough 
ventilation of the building. Convenient colonnades extend 1^ 
tween the towers, 

" Res non Verba,*' — This is a very striMng Classical design. 
Thei*e is a general resemblance in the design to the new Town 
Hall at Leeds. Handsome Corinthian columns surround the 
butkiing, with a pediment and tpadous peristyle at the east and 
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a>t ^e w«tt elovaUoDs in the oenLra^ between which risea an enor- 
mot]j9 tower, of tasteful design. The ooIuidxm form qtiit6 a forest 
rotmii the buildings being in the pertstylee five deep. Th<* tower 
fttaudB ia the oeatre of a spadouH coturi, and ia ooDnected with 
the floor of the building by a giiliery. Midway between the 
torwer and the pediment at either end are correspondiDg domes, 
boiieiith which are circular halls, that towards the eastern side 
oCtba building being the Farlinment Hall, and tliat to the 
weitem side the Official Halt The former communicates with 
the Council Ckamber on the rights and the Assembly on the 
left. The periatyles are asceuded by broad flights uf steps. The 
columns round the building form sfjacious colonnades, 

^ **Spes/* — Thtu design is ia the Italian style, and arrests atten- 
tion oy its boldness and breadth of effect. The buildings are 
divided by four main arteries of communication, two running 
#aat and west, and two noHb and Buuih; the various departments 
boin^ connected by continuous oolonnading* 

'* ll'ide et Virtu te,** — ^Tbe style of this design is the Continental 
Gothic. There is a lofly dome and a clock-tower, and the pro- 
jecting portions of the elevation are set otf witli overhanging 
and pinnacled turrets. ^ 

"bic fortia Etmria crevit" — 1!hia design ia in the Pointed 
atvle, evidently well considered; but though tasteful, it cannot be 
ouled handsome. 

**Pyni." — This is a deidgn in the Italian style. There is a 
lofty tower, consisting of aiz rowa of columns. 

** England and New South Wales." — These drjiwings are in the 
French Italian style. The absence of towers gives the elevation 
A heavy, flat appearance; and, a further defect, there is a deJi- 
eiency of colonnadea. 

"God's Providenoe is mine inheritance." — Thia is a Gothic 
design, exhibiting long ranges of collegiate looking biiii dings, 
not altogether destitute of beauty^ but completely killed by cruel 
maypole towers, the height of which is in painful contrast with 
tli« lowneas of the building. There Is natlning very striking in 
the plan to redeem the abnv^e defect. The Assemtly Chamber 
is to be about lOt* feet by 60 feet, and somewhat Jiimilar in form Ui 
the English House of Commons: the galleries, instead of project- 
ing, range behind columns which assist to support the roof. 
The Council Clmiober is of the same size, hut has smaller accom- 
modation for members. 

** CH, C, H. S." — This ia a Classic design of considerable vigour 
and l»eauty. In the oentre ia a handsome dome, to be of solid 
atone, with perforations for light, relieved at the base by eques- 
trian statues. There is a great deal of finish in the design; but 
it has nevertheless an aspect of foreignness and singularity. The 
architect haa apparently a great dislike of rect-vagular figme^. 
The grand entrance is semicircular, and allows for a carriage- 
drive through JL The plans provide for the Parliamentary 
O^&ces, but make no provision whatever for the Government 
Offices. 

"FolJowerof Wren.**— This motto is appended to an adapU- 
tion of the architecture of St. Paul's Cathedral The ensemble 
has much symmetrical beauty. 

** Akropolis" — This is a design after the model of Buckingham 
Palace; but it Is more like the pictures of aucioot Grecian temples 
than any modem structures. The plan is extremely sijuple, and 
ia theory, at least, appropriate. The Government'DefMu-tmenta 
are allotted to a range of buildings almost inclosing a quad- 
rangle, in the centre of which as the supreme tribunrd— tlie 
source of all executive power and authority — is a temple for the 
legislature. The quadrangle opens on the east side, to aiford a 
good view of the eiwtem fn9ade of the centre building. 

**Omepi." — This is a CUisaic design, hut the working out of 
the detad^ is original, and a curious effect ia produced. The 
towers are extremely plriin, and add little beauty to the elevation. 
On the grxjund plan there are, on the south side, three long 
parallel courts, separating portions of the building that are 
assigned either tr» a department or a sub-department, but built 
oyer by the upper story. 

"Si je puia.'^— This is i^ther a pretentious Cbasic design, but 
the general eifect is not pleasing. A number of columns are 
introduced merely for effect, and there is a palpable want of 
solidity and masaiveness in the composition. 

** Mars.*'— A very curious design, which may be called a Gothic 
extravaganza." 

«UtUit^';'--Gothic 

"Adfjnr. — ^Tlus is a Claaaic design. The drawings are rough 
and nnfinished. 



M. DALY^S PAMPHLET ON' ARCHITECTURAL 
COMPETITIONS. 

We propose to supplement the observations on oompetition* 
which nave appeared in this Journal,* by now giviog a short 
account of the views embodied by M, C^sar Daly in his pamph- 
let mentioned in our last numl>ier, and entitled *i>ev Cancuurs 
pour les MonuntffnU Publics.^ M. C<?«ir Daly is entitled to be 
heard with respect, as the editor of one of the oldest profesaional 
journals iu France, and as being himself an architect of stand* 
ing. His pamphlet, which has excited a good deal of attention^ 
ia addressed rather to the general public than to any class of 
readers, and is limited in its application to public works pro- 
posed to be undertaken by government; but in this country it loses 
part of the point which it possesses in France, where a very 
considerable number of architects hold government appointments^ 
and consequently ex|)ect, and not without reason, that goveni^ 
meot works shall be placed in their hands, M. I>aly, who him- 
self holds the post of one of the government architects, is not 
htmlered by any ditEculties which his official position might ssent 
to thixjw in the way of his thinking freely, and giving uncon- 
strained expression to his opinions. He advocates — and that 
with uncompromising decision—the adoption of the system of 
competition for public or government works, M. Daly nrgctt 
that for these works & public, open competition will be of l\m 
gi*eatest advantage to art, artists, imd the public; and refers to 
a few — very few — instances of such competitions in France aa 
having been occasions of marked interest. He boldly declares 
himself in favour of the most unconditional and extende<l appli- 
cation of the system, and manfully advocates the claim of tlio 
artist whose design is successful, lo employment as archit^t of 
the building. The advantages claimed for the plan of publjo 
competition are that the best and best known architects, as well 
as others, would compete for public works of importance; tbiit 
by honounible rivalry they would be sure to be stirred up to 
exertions greater than they would make under any other system; 
and that at the same time an opportunity would be afforded to 
any remarkable genius unknown to fame, or unconnectal with 
the oi!icial sta^, to signalise himself, and win fame and fortune b^ 
his own merits. 

The experience of our ownconntry, with regard to the Foreign 
and War Office competitions, shows the soundness of the pre- 
sumption that our greatest public men would enter the lista in 
cases where works of great importance are concerned. On thai 
occasion we saw most of the best known of our architects, in- 
cluding Barry himself, engaged in one or another portion of tbo 
contest, and we also witnessed the triumph over these of men 
c«.»inparatively little known, and wlio^e tiuccess could not havo 
been anticipated. The issue of the competition was in this 
respect most honourable to the judges. The fiict that neither 
M. Crepinet, Mr. Garling, or Messrs. Coe and Hofland is in 
any way employed on the work now ia not equally cre<ii table to 
the government M. Daly prepares, however, for the case — 
which actually did happen among ourselves— of the government 
being unwilling to commit the work to the successful competitor, 
by suggesting that if he be inexperienced, a coadjutor might be 
added to him; and if it be really found iraposaible to commit the 
work to his hands, then an increased prendum should be paid 
as compensation. 

The greater difficulty, so much felt in our private or municipal 
competitions, Is the selection of the tribunal, in the largest t^^ 
cent putfiic competitions in England, those for barracks, and those 
for the government offices, the tribunal has cc»mm.inded general 
confidence and reejiect, and its decisicma have on the whole re- 
ceived public approval. M. Daly proposes a jury, of a rather 
unmanageable exttut — namely, thirteen members, and indicates 
the sources from which he would propose to draw them; to enu- 
merate these would not interest Englisb readers, suffice it to 
state that he proposes as a means of securing that all shades of 
opinion should be represented, a combination of professional and 
amateur, official and non-otficial members, and that four members 
shouM be selected by the competitors theraselvee. This proposal 
iu the exact form here made is only applicable to France, but 
perhaps something analagons to it might be with advantage do- 
vised for England. The further proposal that a written report 
should be ftirnished by the judgeii, and published, in mnst desir- 
able; and it would be, if practicable, h great advantage for such * 
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report to be in the hatidd of the piibUc while deai^a are opeB to 
inapectian. 

Among other arguinenta urged in favour of an habitual resort 
to comp6titjon for public buildiogs is the rather importADt one, 
thtit the progress of architectiire^ And ita posillon at certain 
periods, oould be better exljibited by gru'At public competitions 
than by any other method ; and tbat they would c^mtribnte to 
promote that progress. It is even asserted that "we require cum- 
fietitioDs as an indispensable metho*.^ of pi^rioclicaOy and com- 
pletely ascertaining the condition and the changes of arch i tectum I 
ideasJ^ This is a desideratnn) no less iiuportant to onrscdves 
than to the public and the profession in France, ami one which 
the professional press and the Architectural Exhibition snpply 
partially, bnt by no means completely, in this country. In many 
respects it is im^Ktsaible to draw a c<.>mplete parallel between our 
requirements and those of Prance; notwitliiititiKling which how- 
ever, we feel that M. Daly has brought forward Rnnie cnDsjdera- 
tions that ought in England as well as in Fimucc it> Imve weight 
in favour of government competitions lor public works of im- 
portanoe, where a thoroughly competent and lionourable tribuual 
can be found. It is the difficulty of procuring this tribuual which 
w© have pointed out as one of the greatest evils attending ct>m- 
petitiona of an ordinary scale. We fear however that the beha- 
viour of our government, after the adjudication of the prize*t 
offered for designs for tlie government otSoea had beou made, 
will be found — should another great, competition be ever called 
for — to have dealt a great bl<.»w in England to the efficiency of 
that part of the whole competition system whicti natni*ally is 
most likely to be etficient A fair rivalry is no d<mbt bcucficial 
to the public, and advantagerms to artists, but to be healthy and 
useful it must lake place under fair conditions, and with an 
undoubted security aa to the ultimate result. 



THE STATICS OF BRIDGES. 
{Continued from pat/e 16<i.) 

We have now pursued the idea of the dry arch of incnmpressi* 
ble vouasuirs to its logical consequence, namely, that tlie Line of 
Presaure nrnst meet the outer and the inner surfaces (known as 
extnidoa and inirados) befijre the thrust can be generated and 
equilibnum attained. We hnve also seen that w^hen the Line of 
Pressure actually passes beyond the vouasoirs there will be rup- 
ture, the conditions of equilibrium being no longer sjitisfied. It 
i.^ therefore essential to the st^ibility of the arch that the Line of 
Pressure totich both extrados and intrados; and alao that it lie 
wholly within these limits. ' 

Tf» see by what kind of process the path of resultant pressure 
may be supposed to adjust itself, so as to satisfy these conditions^ 
we will take the arch shown in Fig. 15, and examine the action 
Fio, U. 



that would according to theory take place in it. We are still 

assuming that the arch is inoompresaible. 

The keystone being the point where the load natunilly divides, 
the two semi-arches tend to turn downwards. In order for this 
tendency to become sensible, so as to ci'eatc thrust against the 
iibuttneuts, the Line of Pressure (for reasons already given, 
p. IIG, coL 1) must meet extrados at the keystone and inti*adn$i 
at sprinffing. If the line of pressure so drawn lay entirely 
within the vousaoirs, equilibrium wouhl at once ensue. But 
in the case of the arch now under consideration, this Line of 
Pressure, on being drawn, is found to pass outside the voussoira. 
It is shown by the full line, which meets extrados at the key- 



stone and intnidoB at spnuging, but passes above extivdotitftii^ 

aod below intrados at t. '^■ 

The joints at « will therefore tend to open, by the vouasoArt 
turning on their upper edge«(. At the same time, the voua»olm 
between f and i have no tendency to turn, because the Line Af 
Pressure lies within their margins. The tendency of the voiss- 
soirs at e to turn will therefore have the etfect of bringing their 
edges /and g to beiir hard against the voussoin* below them arid 
against the keystone. This action cannot fail to lower the line 
of thrust both above and below e, fur it is impossible for tb^ 
resultant tlirust to be at extrados so long as there is any pressntu 
on the lower edges of the vonssoirs. 

In the same way the tendency of the joints at t to open has the 
effect of raising the Line of Thrust on either side of i, by thmw- 
ing a pressure on the edges / and m. The Line of Tliniit must 
therefore work itself upwanls near the springing, and downwards 
near the crown. This adjustment can only stop when the Line 
of Thrust assumes the form of a Line of Pressure touching extra- 
dos near e and intrados near t, but nowhere passing outside the 
margins of the voussoirs; im indicated by the dotted line. We 
may thus take it to be invariably true, that the Line of Presaiu'C i» 
winch the resultant forces would find their equiUbrium in an arch 
built of dry aud incompressible voussoirs is the one which, while 
it touches iutradiis towards the springing and extrados toward* 
the crown, nowhere passes outside the arch. It consequently 
him the ijreatest total rise of all the lines of pressure that are 
contained within the limits of the voussoirs; and is therefore the 
one which gives the least horizontal thrust. 

In the arch shown in Fig. 1.% the points of contact of the Line 
of Pressure with extrados and intrados at e and i are the points 
where (nccording to the present hypothesis) rupture would first 
show itself if the arch failed. They may theretore be calJed the 
Points of Rupture; it being at the same time quite understoo*! 
thai the term means no more than what has just been stated, 
and does not imply actual fnilure. It is the settlement, or rather 
the moment of rotation, ni the portion of the semi-arch between 
these jKjinta of rupture (e and i) that generates the thrust. When, 
as in the instance before us, there are tu*o upper pointa of rup- 
ture («,«), the portion of the crown which lies between them 
stands through the thrust impressed upon it by the action of 
the (ower parts (e i) of either semi-arch, :md is in effect one broaei 
keystone. And the portions (if any) of the ai'ch between the 
lower {Kiints of rupture (i, i) on either side aud the springinff 
stand ajso through the thrust impressed upon them by the upper 
portiona (ei) of the arch, and might almost be regarded as form* 
in ^integral parts of the abutments. 

The hction of an incompressible arch has thus far led us te a 
solution consistent in dtitai), and geneiml and (it is hope<J) intelli- 
gible in its application. Possibly not very widely at variance 
with what really takes place in a masonry arch; at least, not 
involving hazardous error in structures of this cla^. If the 
solution be one of an empirical kind, it can at all events claim 
the sanction of eminent mathematicians and the prescription of 
usage. It has hitheilo been accepted as virtually cori-ect by 
those who havf^ undertaken to examine or to explain the subject. 
If at some future time, when we cdme to syjenk «'f iron arch ribe, 
we should take occasion to find the trite Liue of Presaure, it 
would be by a process (as yet not generally knownj in which the 
line of the neutral a.n> is consideruil instead of those of eitnkdos 
ami intrados. But for the pre^^ent we need not ooncerii ounjelvee 
with this refinement^ and may wintmit ourselves with resnlts 
which have hitherto been taken to l>e accurate entjugh for prac- 
tical use. All our care may consequently be given to simplifying 
the mctlwd; and her« there is yet something to be done. 

Thi3 method divides itself into the delineation of the ybrni of the 
Line of Pressure and the 6xing upon the position of the Points of 
liupture. Where these latter come just at the crown and spring- 
ing, the whole matter is c*">mparatively easy, the only thing 
neetled being to draw a line following a certain law between two 
known points. But where— as in a semicircular, or a *^ basket- 
hiindled," or a pointed arch — the Poiuts of Kupture a^ssume 
intermediate pisitions, difficulties grow and multiply at a far- 
midRblo rate. The form of the Line *)f Pressure depends upoa 
the position of the Points of Kupture, while the poeition of these 
Points is e<pi.illy dppen<ient upon the form of the Line. Thus 
adjustment haa tt» follow adjustment, as we take up alternately 
the one side of the prol>lem and the other; llje errors beoomlltg* 
less aiul lese, until at length they cease to be of acoouuL The 
detcnuinatioD of a questioii of this nature i& not without xUk 
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laharma for tlie geometrician who, calling algebra to bis aid, maj 
be en^ibled successtullj to cope with the ditiiciilty. Bat an 
abstruse algebraic soiuiioa, great as may be its theoretic merit 
and value, is actuallj uf^less to tbe majority of practical men. 
They 6nd themaelvea simply balEed and perplexea in tbe mas&e 
of curious symbols; what they seek is to be brought to the very 
threshold of tbe Bpedal answer for each spedal case, by some 
plain and ready rule — to bo worked out at once» whether by a 
sum on the slate, or by a dia^fram on the drawing. 

In the case of an arch of one radius there has indeed been 
given an arithmetical rule for approximating to the Points of 
Rupture. But this involves a teaious and complicated calcula- 
tion, which has to be repeated, and again repeated, as often as 
may prove necessary, until a reanlt is arrived at sufficiently near 
the' truth. A comprehensive, simple, and easily applied method, 
for fixing at once on the Points of Eupture in any case that can 
possibly arise, has hitherto been lacking. 

Much more has been done with rei^ard to the other part of the 
•luestion — the form of the Line of Pressure. Rules nave been 
given that make its delineation a straightforwarii task rb soon 
as it is taken for granted that it passes through a given point at 
the ci^wn and another given pointhat the spnogtng. 

The method easiest to understand is the mechanical method, 
aa it niay be called. This wili be found cte^irly explained and 
larffely illustrated in an able and very interest in g paper by Mr, 
W.H. Barlow (read at the Institution of Civil Engineers in 1847), 
which is given in vol x. of this Journal, page 21 L The entire 
paper, and also the discussion which euaued (given some pages 
further on in the same volume), will well repay perusal. But we 
will extract the rule given by Mr, Barlow for fin* ling the points 
where the Line of Pressure intersects the successive joiuta be- 
tween crown and springing. These points he determines by 
means of the nositions of the respective centres of gravity of tbe 
semi-arch and of the upper portions successively remaining be- 
tween the several joints and tlie crown, in the following manner: 

" Let a and 6, Fig. 16, be two points in the curve of equal 
horizontal thrust in the arch AB; required to find the point at 
which the curve intersects the joint oq. Let G be the centre of 
gravity of the half-arch ABj and g that of the portion o<?B. 
Through b draw the horizontal line en, and the vertical line b(; 
also through G and ^ dmw the vertical lines GA and gk, inter- 
aecting c/* in h and k\ join ah, and produce it to ^j from k set oflf 
kn, equal to hb^ and through ?* draw the vertical lino nm, making 
nm to lb as the weight of the portion oqB is to the weight of the 
half-arch ABj join mk and produce it until it intersects oq: p, the 
point of intersection, will be the point required." 

Fio. 16, 
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Tbe reader will see on examining the diagram that this method 
for filing rxjints in tbe ** curve of ef|ual horizontal thrust" (or, as 
we have preferred calling it, the " Line of Pressure'') proceeds on 
the principle of the resolution of forces. To begin at the begin* 
ning^ tlie necessary steps will be the following: — 

1. Assume the points a at springing and b at crown, through 
which the Line of Pressure is presumed to pan. 



2. Find the weight of the aemi^rch AB, and fix the potitioa 
of its centre of gravity G. 

3. Find the weight of the portion o^B, and fix the position of 
its centre of gravity ff, 

4. Proceed, according to tbe method just given, and shown in 
the diagram, to ascertain the point p. 

Here we observ^e that steps 3 and 4 must be repeated for 
ev&ry point that has to be determined. The finding of one 
centre of gravity aflbrds no help towards finding the centre of 
gravity next wanted: and the process for arriving at ecach cannot 
fail to be tedious when we take into account the different specific 
weights of the atouew^ork and tbe earth Hiled in behind it, to 
say nothing of any load on the roa^lway. Each repetition of 
step 4 involves a rule-of-three process, or something equivalent, 
in order to find the length of the line mn from that of lb. 

While therefore thia process is correct in principle, and shows 
much simplicity and beauty in its conception, it will entail no 
small sum of labour when it comes to be applied, if we iu elude 
the preliminary steps which form an essentiad part of it. This 
is supposing that the poijJts a and 6 have been correctly oBgumid, 
H\ as m an elliptic arch, the points of rapture have to be deter- 
mined by trial, although the centres of gravity will of course 
not have to be found a second time, the course of geometrical 
construction will have to be gone through all over again^ once or 
oftener, until a satisfactory result is hit opon. In such a case, 
the task of thua arriviug at the Lino of X*res3ure would become 
really formidable. 

A method not at fii-st so readily uuderstood as the preceding, 
and requiring for its explanation a differential equation, is the 
algebraical process, founded upon the relations between the ditftj- 
rential coefficient of the Line of Pressui-e at any point, and the 
total weight from that point to the cn^wn of the arch. This 
process is however less tedious in application, if not really 
aimpler, than the mechanical method juat illustrated, since it 
quite dispenses with the finding of centres of gravity. The de- 
termination of the Line of Pressure of a fly-bridge of 52 feet 
span, on the South Wales Railway, formerly communicated to 
the writer by the courtesy of the gentleman who achieved it^ 
may be now given as a piuctical iliusti'ation of tbe method in 
question. The case was worked out a few months after the 
readiug of Mr. Barlow's paper. 

Two points in the Line are as usual assumed^ — one at the 
crown aud one at the springing* There is further (for conve- 
nience of solution) the arbitrary assumption that the Line of 
Pressure must be a curve of the fourth degree. This of course 
is not strictly accurate, although it may be correct enough in 
practice. The reader nuist alao oK^erve that y stands for hori- 
zontal measurement, and ,r for vertical^ — which is the opposite 
sense to that in which we ourselves use these letters. 
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In the above table the first column gives the reference 
numbers to the vertical lines of subdivision of the semi-arch, 
which are at intervals of 2 feet. The second column gives the 
horizontal distance y, measured from the half-span. The third 
column gives the weight of each section (including both maaomy 
and loadbg) for a single foot iu breadth: this weight being re- 
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daced into an equivalent in cubic feet of masonry. The fourth 
column gtTea the total weights from the crown downwards, for a 
foot in breadth, as found by the continuouB addition of the 
figures in the pi-eceding cnlnuan. The fifth column ahows wliat 
(beae total weights ahould be according to the aaaumed formula: 
it forma no step in the procesa, but is added to ahow the small 
amount of error involved in the aaaurnption. The sixth cohimn 
tfivea the calculated values of je^ the vertical ordioate of the 
Line of Preaaure. 

The following is the method of arriving at the values of jt, 
ID, the sixth colunin, from which the line o? Pressure (Ikj Fig. 17) 
is plotted. 

AMnming (as already remarked) that the Line of Pressure is 
a curve of the fourth degree, it would follow that the successive 
total weights given in the fourth column would be expressible 

Fio. 1T# 
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in powers of y to the third degree in the form W ^ ^y + Bj^^ 
+ Cj^, Obscrviug that when y = 4, W = 10.91; when ^ — 
14, W ^ 46-96; and when y = 24, W ^ 119'0G (aee in the table, 
cola. 2 and 4, lines 2, 7, and 12); the usual process of elimi- 
nation applied to the expression W = Ay + Bf + Cf givea 
the reault that A = 2735, B ^ — -027, and C = 005. So that 
W = 2*755 y — "027 y^ + *^^ y*i ^^^ % comparing the succes- 
sive values of this expresaioa in column 5 with the actual 
weights in column 4, it is seen that the above equation ia very 
near the trutli. 

Let H = Horizontal Thrust, Then H X t/.r r= W X rfy — 
(2755 y — '027 y^ + *0U5 y') dy (see WhewelPs Mechanics, 
p* 164). Integrating, 

_j 2755 , '027 , . -005 . , -2, 

and when y ^ 0, ^ ^ 0; oonsequentty K ia ^ 0, 

,.mt = 1-377 f — -009 y» + '00125 y*. 

Now if the Line of Pressure passes through the assnmed 
points at the crown and springing, x must be := 10*33, when 
y = 26, Subatituting theae values in the equation just given, 
we find on reduction that H = 130*L That ia to say, the hori- 
Kontal thrust for each foot in breadth of the arch is equal to 
the weight of 130*1 cubic feet of masonry. By putting for H 
its ascertained value, and dividing each aide by it, the following 
equation ia arrived at: — 

jc = -0106 y* — *000069 y* + 1)0000960 y*; 
and this gives the su^^oesaive values of jc in column 6^ down to 
the hut one, which, as already explained, was assumed at the 
outset of the process. The curve ia then plotted in the usual 
way. Fig. 17 showa the semi-arch with the line of Preaaui*e Ik, 
M found by the process just detailed. 

If it were required to draw a Line of Preaaure with a difie- 
rent amount of rise, the coiTeapondiug value of H would have 
to be ftmudj after which the proper coefficients in the e^cpresaion 
for X would be obtained by dividing by H, in the same way as 
before. 

This method gives the form of the Line of Pressure \vith a 
sufficient degree of accuracy, and perhaps not an uureiiaonable 
amount of labour. But it offers no special facilities for deter- 
mining the Points of Kupture in cases of difficulty. 

Let us now inquire how far it may be practicable to simplify 
the problem of drawing the Line of Preaaure, by availing our- 
selves of tlie property which has been already noticed in it — 
namely, its resemblance to the curve of moments. 

To return to an illustration already employed. Let it be so p- 
]x)sed that an arc, 6 (Fig, 18), of a circle of the radius CR were 
given, and that it were required to draw & corresponding arc of 



an olHp«« having for its semi-axis the radius CR. The arc of 
the ellipse is terminated by the same vertical lines (C 0, /6) as 
the arc of the circle; and let it in the fii-st place be imagined 
that the vertex (u) ia given. 

The first and obvious step will be to draw the equidistant 
ordinatea a 1, 6 2, c 3, &c,, between C and/ fit hitting the points 
1, 2, 3, 4, and 5 in the circle. The elliptic arc vjp will divide 
all these ordiuates in a constant mtio. This being the case, it 
foltowfi, that if the circle were irtrfiiffhieneti out into a right line, 
the ordinates being shifted to suitable distancesi the eUipae would 
become a straight liue too. 

Produce the horizontal Hue KG to any convenient distance 
CR' upon the opposite aide of the centre line, and draw the 
Btraiglit line IV to this point from the vertex of the circle. 
Next, draw horizontal lines through the points 1, 2,3, &c. in the 
arc of the circle, hitting the straight line IV in the pointjj 1', 
2*, 3\ &c. Through these last found points draw the ordinatea 
a* l\ b'2\ c3', &c. These liuea are then the ordinatea a I, 62, 
c3, transferred to the ri^ht «»f the centre line, and re-arranged 
at such distances that their ends come in one straight line 
6', which may therefore in one sense he called the arc 6 
ractifi&d. Draw the straight line v x' R', cutting/' 6' in x\ Be- 
transfer /* x\ and the other portions of ordinates cut off by v x\ 
to the left of the centre line, and their extremities will be- 
come poiuts in the curved line nr, which is the arc of the 
ellipse re^uii'ed. 

In the next place, let it be supposed that the vertex of the 
ellipse ia not given, but only the horizontal semi-axis, and that 
it 18 retjuired to finti by tnal such an ellipse as will satisfy cer- 
tain conditions. If any other vertex, as y, is ftasumed^ and 
the straight line y z' R' drawn, the ordinatea cut off by this 
line will, when transferred to the other side, give another elliptic 
arc yr. As many trial ellipses as may prove necessary may 

Flo. 18. 
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therefore be obtained from the diagram by the easy process of 
drawing so many straight lioes. 

Now it has been already shown that the relation of the Line 
of Pressure to the Curve of Moments is the same that exists 
between tiie eUipae and the circle — namely, that the ordinates of 
the one curve bear a constant ratio to those of the other. The 
Carve of Moments, like the circle, is readily drawn. The Line of 
Preaaure, like the ellipse, ia not v^ry easy to draw, even when its 
vertex and base are giveu, and when thev are not, is to be found 
only by trial. Let ua therefore see whether the expedient which 
has just been exemplified may not be fairly and usefnlly employed 
for determining the Line of Pi'essure, 



t 


2. 


8. 


4, 


A. 




V»JUO of jr, 


WfligbtofMdi 


Mow«Ql nf eicti 


TDtAltnofiMiit 


B«iN«ooe. 




MctlOD, aa ia 


•e^ijoa. 


&cnD tpriikffliif 
up to any K«. 




difltuice. 






Ku. 


Fe«t 


Coble feei. 












0-00 




1841-24 


1 


2 


5-39 


6-39 


1S35'S5 


2 


i : 


5*62 


l«-30 


1319-55 


ii 


6 


6-79 


27-61 


1291*94 


4 


8 


0'32 


39-72 


1252-22 


5 


10 


7'OS 


53-07 


I199-15 


6 


12 


7-»3 


68-03 


1181-12 


7 


14 


8-98 


84-94 


10<6'18 


8 


U 


10-35 


104-27 


911'91 


d 


18 


12*01 


126*68 


815-28 


10 


20 


18-94 


152-58 


662' 70 


11 


32 


l<i-36 


182-87 


479 -88 


12 


24 


1&-45 


218-67 


261*16 


13 


26 


23*04 


261*16 





We will take the arch that has been already exambed. The 
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Curve of Moments has first to be aBoertaioed* The foregoing 
t^ble gives it the third col am n the weight of each section, aa in 
the pi'evioua table. The fourth column gives the moment of each 
section, which is found by adding the weights in the preceding 
column, after the method which has been fully explained in a 
former paper (sec p. 64 ante). Thus, the moment of the topmost 
section (0, 1) is the same aa its weight, 5-39. The addition to 
this moment of the weighU 6*39 and 5"52 gives 16-30 for the 
Fio- 19. 




moment of (1, 2). The further nddition of the weights 6*52 and 
5*79 gives the next moment 27'61, and so on. The fifth column 
fg^ves the total moments from the springing up to any number, 
found by simple atidition of the figures of the fourth column. 
We now revert to our usual system of calling the horizontal 
distance ^ (instead of ^ as In the first table). 

Having thus very speedily ascertained the moments in the 
fifth csolumji, the next step is lo plot from them the Curve of 
Moments to the same horizon Lai scale that the arch is drawn to^ 
using any arbitrar>* vertical scale that may be convenient. TViis 
is shown in Fig. 1 f>, where the shaded section abdc shows the out- 
line of the semi-arch, and am the curve of moments, the lengths 
of its ordinateH ofw, I 1'*, &c. being the numbers 1341,. , 1335.,, 
&c read off to some small vertical scale. On the risjht of the 
centj'e line mO is seen the curve of moments " rectified" into the 
stmij^ht Viue ma\ and the ordlnates I'l", 2' 2", &c. arranged ac- 
cordingly, the pfjinta 1**, 2", &c being found by drawing the hori- 
zontal lines V"V, 2"'2'\ &c. from the corresponding points in the 
curve on the left. The shaded section on the right shows the 
arch as displayed on the ordinates, which have thus been spaced 
out at increasing intervals: db' being the transferred line of 
extrados, and ca that of intrados. 

It only remains to draw a straight line on the displayed section 
of arch on the right, and then transfer to the left the points 
whei^e it cuts the ordinatea V l\ 2' 2\ &c.; the result will be a 
line of pressure. If, for instance, the straight line W* be drawn, 
cutting the centre of the keystone, and having a rise of 10-33 feet 
from ^ to Af, it will when tranaferretl to the equidistant ordi nates 
on the left give a line of pressure kl, practically the same as that 
determined by the approximate algebra^p method previously 
given. Beasons have nowever already been shown for assigning 
a very different position to the theoretical line of pressure. It 
has been seen that it must meet ex trades and intrados^ — but 
without passing anywhere beyond either. The very obvious 
expedient of applying a straight-edge to the displayed arch will 
at once settle the question which i.^ the line that satisfies these 
conditions. In the present case, da is this line. On transferring 
it to the left side of the centre line, the line of pressure ad is 
obtttijied, which is therefore the one that accortls with tiieory. 
It meets extrados at crown and intrados at apringing. 

Fic. 20. 
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|Fig. 20 shows the entire arch^ with the line of pressure as just 
rtermined markeii by the full Hue ada\ The dotted line Ikl' la 
the line of pressure previously given. 

The arch which has just been examined was a type of a nu- 
merous class on the South Wales Railway, designed by Mr. 



Brunei. The line of intrados is circular, flattened at tho crown, 
and is most scientifically adapted to the permanent, load and the 
manner of its distribution. In proof of this it is only neoeesai^ 
to notice the *traightneg» of both intrados and extrados when 
displayed, as shown on the right of the centre line in Fig. Id. 
In circular arches of one radius, when displayed in the same 
manner, there will usually be observe 1 a kind of curiing up at 
the summit, indicating a point of rupture at some distance below 
the crown, {To he con inued.) 



ST. PAUL'S CHtmCH, HODDLESDEN, LANCASHIEK 
{With an Engraving) 
This new church, of which we give a perspective view and 
ground plan, is about to b^ built, principally at the expense 
of Mr. W, B. Eauken. The first stone 
was laid on the 27th ultimo by Mrs. Har- 
mave^ in the presence of the l}ishop of the 
diocese {MaucneeterX the vicar of Black- 
bum (who endows it with ;^0 per annum), 
and a larg^e gathering of the gentry of the 
neigh hour iioSd. The site is a very beautiful 
one, at the bottom of the floddlesden valley, about two milee 
east of Over-Darwen, The edifice is to be constructed princi- 
pally of materials supplied by quarries in the locality, belonging 
to Mr. W, B, Hanken The roof will be covered with the beautiful 
slate-stone of the county, :ind the walla entirely freed with the 
flag-stone abounding in the district, and known by the local 
name of ** pierpointa.*' The cost of the building will be about 
.£6000, Local builders will be principally employed in the 
erection. The structure is from the designs of Mr. E. G. Paley, 
architect, Lancaster* 



THE ARCHITECTURAL PUBLICATION SOCIETY. 

The annual meeting of the aubscribers to thia society was hel<I 
at 9, Conduit-street, Hanover-tquare, on the 30th of May, and we 
are happy to learn from the report then presented and the 
speeches delivered that this excellent society, though not sup- 
ported to the exteut w^bich it deserves, is really making progress. 
We are desirous of dm wing the attention of our reswlers to it^ 
and to the publications which it has issued to its subscribers. 

The society is formed with a view to the publication of en- 
gravings from original sketches, and of original writings on 
architecture. After the issue of a aeries of detached essays 
and sheets of illustrations, it was determined to give to the future 
publications so much of connectedness as was attainable by an 
alphabetical arrangement. Accordingly a Dictionai^ of Architec- 
ture was commenced in the year 1852, and the issues for the 
{present year (the thirteenth of the society's operations) will, it is 
>elieved', bring both letterpress and illustrations down to the end 
of the letter K. 

It is, perhaps, not too much to say that no publication of the 
present day is more creditable to the learnings accomplishments, 
aud zeal of any class of men than thi^j Dictionary is to the archi- 
tects of the present generation. Written by a large number of 
Citntributora, the articles are uniformly distinguiRhetl for theur 
clearness, comprehensiveness, and accuracy; while the illustr^ 
tioitfi, gathered from the y>ort folios of a still larger number of 
architects, are valuable for their artistic merit, and doubly so 
on account of their repi'esenting, to a large extent^ buildings or 
works not elsewhere published. 

It iii hardly necessary to add anything more in praise of th^ 
Dictionary, or by way of inducement to our readers to beconio 
supporters of the society. We have much pleasure in giving 
publicity tf> the invitation issued by the committee to all, whether 
members of the society or not. to cc»mmunicale original informa- 
tion or sketches which might be useful lu the Dictionary, and 
the publication of which they would be willing to permit 

The hoaoniry and the acting committee comprise the migority 
of the mo*t familiar namea in the architecturai profession. The 
treasurenship for many years has beim held by Prof. Donaldson^ 
but has been lately resigned by him on account of ill-health, 
and is now held by Prof. Sydney Smirke, R.A. The hon. secre- 
tary is Mr. Arthur Csites; and theottice of the society is at the 
Architectural Gallery, £*, Conduit-street, Hanover-square. 
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ON THE REVIVAL OF STYLES. 

By Eev. J. L. Petit, 

(Condudeii from }hi<j€ 198,) 

It we are to consider the questioo between Gothic and Classic 
as a mere ruatier of taste ( I mean arbitrary taste or faahioti), we 
must bear in mind that this is notoriously liable to fluctuation. 
In the last century Addison af>oke of the greatness (as regards 
effect) of the Pantheon in contrast with the meanness of a Gothic 
cathedral; and though it is not probable that the Gothic stylo 
will again be treated with the same contempt, yet it is by no 
means impoaaible that the relative estimation in which the two 
styles are now held will in the course of time be reversed. 

What appears to me an insuperable obstacle to the general use 
of Gothic iu the present day is that very quality which invests it 
with the greatest interest, — I mean, its expression of the ton© of 
the particular period which witnessed its development^ ita culmi- 
nation^ and decline. And the restorer of Gothic seems to be 
liable to one of the follow! og predicaments: — Either the style he 
produces is expressii-e of the thirteenth, fourteenth^ and fifteenth 
centtiries, and not of the nineteenth, — and then it is not Gothic, 
for Gothic is eminently expressive of the period in which it nou- 
rished; or his style is expressive of the nineteenth century, — and 
then it is not Gothic, for Gothic is expressive of the thirteenth, 
Iburteenth, and fifteenth centuries; or his style baa no expression 
at all, — and then it is not Gothic, for Gothic is an eminently 
expressive style. Nor do I see how he can escape from the 
dilemma, except by showing that the tone, spirit, character, state 
of civilisation and refinement, and stage of progress of the present 
century are identical with that of the meflifleval period. If he 
can prove this he will overthrow my argument; but I suspect 
that the more he studies Mediieval architecture, and the history 
to which it forms an adjunct and commentary, the more difficult 
he will find his task. And I believe that this view of the subject 
has been taken by persons far more intimately acquainted with 
the matter than I can pretend to be. 

It will perhaps be said that the same line of reasoninff holds 
good with regard to all genuine architecture whatever. Unques- 
tionably all great architectural works take their character from 
the period m which they were produced, and express it accord- 
ingly; but this may not be so much from the nature of the style 
itself, as from the manner of hamlling it. In Classic architecture 
we can in great measure separate tlie style from the building: 
the style may in itself have no individual expression, whOe the 
building has a ^eat deal. In Mediaeval architecture the style 
itself is expresHive; and therefore, if transported to a period' to 
which it docs not belong, it runs the risk of expressing something 
which does not exist to be expressed, and conseoueutly of being 
anomalous, and out of place. The Claasic style, having no pecu- 
liar expression of its own, except that of refinement, may be 
endued by the architect with any expression his genius enables 
him to invent it with, and will readily receive and reflect tlio 
character of the age and people who adopt it 

Moreover, there is a greater aflinity between our own age and 
country and those in which ancient Classic architecture flourished, 
than between ourselves and our Mediasval ancestors. Our tastes 
in art and literature are nearly identical Take any fair sp^imen 
of our literar}^ style — a leading article for instance in any estab- 
lished newspaper — and we shsdl find in it the same excellences 
which we should look for in a good writer of the Augustan age; 
clearness, force of expression, a happy choice of words, fluency, 
and harmony of rhythm, an avoidance of anything quaint or 
archaic, and an elegance resulting more from instinctive per- 
oeption than from an elaboiate selection and arrangement of 
plirttBeB: these are beauties which must be obtained iu a greater 
Of \eaa degree by every writer who intends to be read. And these 
are just the characteristics of good Classic Roman authors; so 
that wo might introduce literally translated passages from Cicero, 
Sallust, or Ceesar, that shall altogether harmonise with our own 
natuDil style, and not appear in the slightest degree antiquated 
or obsolete. We read and enjoy Horace's odes, satires, and 
epistles, as if they were productions of our own day and our own 
country: we like them for themselves, and not merely as curious 
relics of the past Nor should we feel that any poet who might 
form his style upon the study of these compositions was taking a 
retrograde step* So in sculpture: the student who wishes to 
attain eminence, and to advance his art, will exercise himself iu 
copying or carefully atudyiug the works of ancient Greek, Koroan, 
and Henaissanoe artists; and though he will not neglect Gothic 



sculnture, he will not make it the great object of his attention , 
nor look to it as a standard of excellence, 

I am speaking of literary composition and sculpture as arts 
which may be communicated and advanced, and in which we can 
mark certain stages, whether of progress, cidmination, or decline; 
and I believe I may say, without rear of contradiction, we are 
not making a retrograde movement while we set up Classic 
moflels. Genius and inspiration may show themselves in any age, 
whatever be its state of refinement, nor can it fail of having an 
effect upon the progress of mankind; but we must not mistake 
the pnius of an individual for national development. We should 
not look to Homeric Greece for a type of the Greek language in 
ita completeness and purity; nor should we go back to the daya 
o£ Giotto and the great Mediaeval artists whose genius led up to 
the Itenaisaanc^ for models of Italian art in its perfection. 

But I must not dwell too long u|>on aljetract points: we will 
take a more material view of the subject. The difference between, 
the constructive principles of Classic and Gothic architecture is 
that the former professedly uses the beam or lintel — employing 
the arch rather as an expedient than as a predominant feature; 
while the latter may be said to be purely the architecture of the 
arch, admitting the lintel at rare intervals and on a small scale. 
But the artistical principles of the styles may be enunciated in a 
still broader and more summary manner. The Classic gives 
expression to the solids, — Gothic to the voids. Take a Greek 
colonnade: the columns, capitals, and entablature are carefully 
elaborated in their form and proportion, while the opening 
between them is left to itself, or its breadth determined upon 
with a view to the columns themselves, not to its own shape, Iu 
Gothic work, on the contitiry, it is the form of the opening that 
engages the attention of the architect, the spandrels being the 
parts that in point of 8ha|>e are left to shift for themselvea. 
Hence the gi-eater portion of Classic ornament finds its place on 
the surface of the waU, while the soffits and jambs — unless the 
depth of the arch be such as to give it the character of a vault — 
are comparatively plain. In Gothic work the decoration m 
mainly in the aoffi la— sometimes in the form of delicate and 
complicated mouldings, sometimea of flowers and foliage occupy- 
ing the hollows, while the mouldings themselves branch out into 
foliation and tracery, filling the arch with beautiful patterns and 
figures. Even in the decoration of the suriace the foiTns of tlie 
openings are repeated in blank arcades and panelling; and the 
enrichment of the piers themselves has reference rather to the 
arches they support than to their own importance as solid 
ma&aes, or to the actual wall above them. Tbe tendency of the 
Gothic system, as carried out in its works of the highest order — 
that is, iu its cathedrals — is to the construction, or at least the 
suggestion, of a lantern of open-work — a vast frame of stone, in 
which the portions of flnt wall are reduced to the smallest 
amount possible, such as the choir of Toumay Cathedral, which 
is BO teuder that it has been found necessary to connect every 
part together by ties of iron. Now in Homan work ihe pier or 
the wall itself is made to attract attention, while the arch or 
opening, whatever it may be, is a secondary and subordinate 
feature. Change ail the arches of the Coliseum into square- 
beaded openings — as those in the upper stage, as well as at Pola, 
actually are — and I suspect the change in its character would be 
much less than we are apt to imagine. 

Now I am &r from pronouncing the Gothic system to be 
wrong; and it is midoubtedly productive of great elegance, force, 
and spirit. But I would maintain that tbe Classic principle of 
giving expression to the walls themselves, rather than to the 
openings by which they are pierced, is architecturally sound 
We build for the sake of what we get by the walls and the roofo 
they support— namely, seclusion and shelter; not for the sake of 
light and air, which we have in abundance without them. It is 
indeed necessary that we provide a suflScient supply of light and 
air, as well as means of access; but these are contingent necessi- 
ties, not the main object of the building. 

A^iD, the tendency of Classic is to breadth of effect; of Gothic 
to minute subdivisions, and an almost fantastic variety of outline* 
The traveller on the Continent will probably be struck, as he 
proceeds south ivards, with the increasmg breadth which charac- 
terises the towns, villages, and groups of buildings. He cannot 
fail to notice the preponderance so to speak, of mass over outline. 
In a Mediaeval town in the north of Finance, and iu the greatest 
part of Gei-many, his attention will be caught by the numoei^ and 
variety of towers, spires, pinnacles, peaked gables and the like; 
on which gi-eat powers of design, as well as car© in the execution 
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of detail, are bettow^d, while the mass itself is as much broken 
up aa may be bj opeoings and projectionSf which cause a constant 
play of light and ebadow. In tb« Bonth, he will bave presented 
to hira large and compaiiktively unbroken maaseaf marked by few 
of»eaiufip9 or projectiooa, with just a sufiSoient number of towers 
and spires to relieve the monotony of the outline, and theoe 
not displaying that architectural care or elaborate variety which 
would make it supposed they wore intended to catch the eye, or 
form prinoipal fe;i.tiires in the group. In sketching an Italian 
village, or monastery with ita church, we need not care about 
markjng out all ite windows, or putting them in their right plaeee, 
or even giviog to a nicety the form and proportions of the belfry, 
still less its detaib: in fact, the more eligbtly wo define these, the 
more truly we shall give the character of the scene. Now, 
though these southern buildings and groups may be really in 
date just as Me«lieBvai a^ the northern ones of which I have juat 
apokeu^ they have more of the Classical character, which in Italy 
was retained in great merwure through the whole of the middle 
ages; in fact, the com position of a large mnjority of Italian -Gothic 
bttildbgs is such as to saggest no definite reason why Gothic 
details should have been employed in preference to Classical onefl, 
so much does the horizontal line predomiuate. We may there- 
fore fairly speak of this character of breadth as belonging to the 
Classic, and that of variety of outline and intricacy, or minute 
subdivision, as appertaining to the Gothic. 

But adthougb the Chwsical style does not peremptorily demand 
that variety of outline which is so necessary a part of (Gothic, it 
by no means discards it fts incompatible with its principles. Many 
steeples of the revived Italian are as fine in proportion, and as 
elaborate in detail as any Gothic composition. I mrvy instance 
the upper part of the tower of Seville Cathedral, and many of Sir 
Christopher Wren's steeples, which show both the fertUity of his 
imagination, and the comprehensive nature of the style he em- 
ployed, I have on a former occasion adverted to the liability to 
decay tneurred by the intricate and minute workmanship of Gothic 
ornament; and I understand that the condition of the ornamental 
details on the new Houses of Parliament is not such as to induce 
me to retract what I then said. But I would further remark 
that, although the constructive principles of the style are sound 
and good, so that, in many cases, the greatest amount of strengb 
is obtained by a given quantity of material, yet the tendency on 
the part of the architect to make a display of mechanical sciencse, 
has been the cause of much real, as well aa apparent weakness in 
important buildings. The lamentable fall of the lV*h icheeter steeple 
is probably to be attributed to the fault, not of construction, but 
of material Yet it is certain th;it the perilous boldness of many 
Gothic designs insures more fearful i-esults from the introduction 
of a defective piece of masonrj% or unsound material, than are 
apt to occur in Classical buildings. 

It may be said that the Gothic style can be worke<l in a broad 
ainl massive manner, as it was in castellated architecture; and to 
such an extent, that in atlapting a Gothic castle^ or an imitation 
of one, to domestic purfxmes, the difficulty is to avoid making 
the walla too solid, and the windows too few and contracted for 
comfort. But this motle of building was forced upon the archi- 
tect by necessity, not adopted by choice. The reriuiremcnfca of 
military architecture rendered necessary this expansion of wall, 
and contraction of window, and the builder dealt with it as he 
best could. The harmony which exists between the dark heavy 
fortress and the light open cathedral, is a pr%of that both were 
designed in the natumi style of the day, while the difficylty we 
feel in preserving the expreasion of the style in our domestic 
buildings, which require larger, and consequently more truly 
Gothic windows, than the Mediaeval oastles, is a proof that it is 
not the natural stylo of our own period. But the less display the 
Gothic makes of constructive science, and the less aid it borrows 
from such additions as pinnacles, tracery, and the like, and the 
ijreater the bi-eatlth ami solidity of its masses, by so much the 
further does it recede from its own principles, and approach 
Dearer to Classic aichiteoture. An adaptation of the style to our 
own exigeacien is not a development of it in its own proper 
direction, but an appropriation of some of the elements and cna- 
racterifitics of the rivitl atyle. We shall never develop Gothic 
further than it has already been developed, except by erecting 
bmldings far less suited to our wants than Mediaeval ones of the 
moet exaggerated character. As it is, we seem to fancy that we 
cam attain the life and vigour which constitutes the charm of the 
true Gothic, while we can <mly adapt it to our purposes by cur- 
tftiliDg and cutting off the growth of many generations. 



On the argument in &vour of Qotbie which reits on the au* 

rriority of decollated oonstruction over construct^ decoratioOt 
cannot say much till I find myself better able than I am to 
comprehend the distinction. Is constmction a term applied only 
to the more subtle contrivances of the architect, and not to a 
plain solid wall or pier, so that a mere wall enriched with s«ir&OB 
ornaments is not a decorated construction 7 Are such pinnades 
as those of Giouoestar Oatbedml and the Somersetshire cburcbaSy 
which are ei^tremely beaati^l in themselves, but in no way con« 
tribute to the strength or convenience of the building, decorated 
constructions or crmatructed decorations? Which term should 
we apply to pinnades engaged in the sides of towers, or to blank 
arcades and panelling ? If a square headed window in a Ciassioal 
front has over it a projecting ledge supported by brackets, and 
covered by a petiiment, forming a tympanum, I suppose thia 
would be called a cousti-ucted decoration; at least, I should call 
it »o. How th«i, if a Gothic window has over it a label resting oa 
heads or bosses, and crowned with an angular canopy^ croeketed 
and terminated by a finial — a oomposition of conatani oceiiv- 
rence in the finest works of the fourteenth century 1 Obierve, 
the two compositions are perfectiy anahrgous: it may be that tb^ 
one is heavy and ugly, the other light and beautiful; but the 
principle is the same in both. I do not condemn smface orna- 
ment or constructed decoration in Clothic: only when it does 
occur let it bo called by its right name, and not iguoreil for the 
sake of a phmsible but somewhat fallacious argument. 

We wiii nowootiaider whmtaudeut buildings ai'e in existeucey 
belonging to recognised styles, which suggest a mode of constnto- 
tion and arrangement applicable to our wanti^, and of decoratiuii 
suitable to our best views nf art. 

If we look at the Parthenon of Athenii, or the Temple of 
Neptune at PsBstum, we are ira pressed with its woudeH'ul beauty, 
majesty, and sublimity; and as we acknowledge this to be the 
result of carefai arrangement and adjustment of proportions, to- 
gether with exquisite design shown in the simplest and smallest 
details, we cannot but treat with a certain degree of reverence 
the rules and principles which led to such a result; and^ although 
we consider the plan of the building itself unsuitable to our pur- 
poses, yet we feel that it is well worth our while to study it 
diligently, and think how we may turn to account the lesson we 
cannot fail to learn* If we look at tl>e Coliseum at Bome, and 
endeavour to forget the purpose for which it was erected, jumI 
the scenes which were enacted within its area, we must regard 
it as a work of alnioet unexampled magnificence, and at titm 
same time atltuit that it presents n type of arrangement and 
ortmment4ition applicable to all tabulated structures whatever. 

If, again, we look at a large Gothic cathedral — say, foi' instance, 
Amiens, Chartres, or Rheims; or, in our own country, York, 
Lincoln, or Salisbury, we cannot but be astonished by the grandeur 
of its design, the mechanical skill displayed in its construction, tlie 
richness of ornament wliich is prafusely spread over it, and the 
character of religious solemnity whieli fjervades the whole. Yet 
we cannot help feeling that it is not a structure likely to bo 
ciiiletl for or produced in the present day. Its associations be- 
long to an age more sbiWTily and distinctly separated from oiir 
own than are even those of Pagan antiquity. Its principles of 
composition are not adaptetj^ without some modification, even to 
the )arg« churches we demand^ and are rather oppn$;ed than 
otherwise to thfl conditions required by secular architecture. 
jVs records of one of the most interesting phaies of art and 
social pi'ogi'css that it is possible to conceive, the Medissval 
buildings of Europe are invaluable^ independently of the practical 
lessons to be derived from tliem; and to preserve them Me muil 
keep them in repnir, which wc are not likely to do unless ^"e 
make what use of them we can* Fortunately, most oi them 
can be made available to our purposes to a certain extent, though 
in large towns it has often been found expedient to destroy tbe 
old church and build a new one tfS more comiuodious arrange^ 
ment; while how to make the nu)i<t of our cathedrals is a problem 
that has more than once puzzled their restorers. 

The architects of the Classical ii^vlval, seeing that their stylftrj < 
must necessarily prevail in secular buildings, wisely and righiljr- 1 
adapted it also to their ecolesioHtical buildings, still without making 
any material alteration in their ]ihm or structure. They cutofi, 
indeed, some of their snperfinous orrmraeut, and redut^ theni 
to an aspect resembling the Komanesqae: to whioh style, indaedy ! 
we might exisily attribute many churches of the revival, if we se# 
them at a distance, and with some wo might fall into the mistake 
even on a closer juspection. 
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This leadfl us to enter a litUe more fally upon the subject of 
general outline. That the Greeks were keenly alive to the pie- 
tiiraH{ue, fttid proliftbLy bad a more refined notion of it than any 
race of men before or after, we have j^ood reason to suppose. 
The inatinet with which they selected the finest si tee for their 
buildings, and the scnipalous care with which they avoided in- 
terfering with the natural fisatiiros of their scenery, as though 
birdly a rock could be cnt away without offending some deity 
who presided over it, shows with how deep a feeling they were 
actuated on this point: a glance ut the Acropolis of Athens, and 
the snrrnundinfc locality^ oonvinoea us of this qimlity of the 
Ghmk mind, even if we did not infer it from their love of 
eo antry , or had not learnt it from Homer, jEsishylna, and Sopho- 
olet. It is most Likely their buildings were designed not only 
to harmonise with, but to illustrate^ as it were, the character of 
their scenery. Certainly the rock of the Acropoiis and the Pai^ 
thenon neem made for each other: we could not fancy the temple 
in any other spot; and the rock without the temple would be 
imperfect But it is likely that their feeling of the picturesque 
was of too redned a nature to Bii^s^est that they should aim at 
what we call a striking outline: it may have taught them to 
prefer one that might have been chargeable with monotony but 
tor some exquifjite tact in its comfx^sition; and that such buildings 
as the Choragic monument, formerly known as the lantern of 
Demosthenes, ought to occupy some low and sednded spot, instead 
of contributing ostentatiously to the variety of the sky-line. Of 
oourse, I can only speak from conjecture, for we have not suffi- 
cient data upon which to ground any theory on this subject 
The massive forms however, and long horizontal lines, of their 
temples, indicate that they aimed at the expression of repose 
rather than violent action; and this is contimied by the cha- 
racter of their sculpture. 

Neither have we the means of judging what views with regard 
to outline iufluenced the Roman architect. The beautiful monu- 
ment of St. Remy, in Provence, shows tliat the power of pro- 
dncing good form existed: the monuments at Vienne, on the 
Khone, and Igel, near Treves, are less remarkable for their 
beauty, though the latter is not wholly destitute of gra<:!e. The 
triumphal arches of the Homuus hardly, I think, show the ele* 
• gance of which snch structures might be callable: that however 
of Trajan, on the pier of AnCona, is an exception. The mogni- 
ficent arch at (Jmnge is more remarkable for the profusion and 
delicate execution of its ornament than for any excellence in its 
architectural design. At Athens there h an arch of Roman con* 
struct ion, I believe of Ua^^lriau's date, of a lighter ami more ele- 
gant design than the triumphal arches of Home, but still of no 
very great beauty. Some of the Roman circular temples may 
have had a good outline, if the assumed restorations are at all 
true; find one at least we know to occupy as fine a site as can be 
imagined, and, in its present ruinous condition, to be well worthy 
of it: I mean the Sibyrs temple at Tivoli. The Pantheon at 
Bonre can never have been a picturesque buUdiug. As anti- 
quaries we may regret the addition of the modern turrets tlank* 
ing the porch, but in an artistic point of view they could ill be 
spared. The temple of Minerva Medica forma a very picturesque 
ruin, and may have been no leas so when |ierfect, — but I cannot 
help looking at this as a transitional specimen. In its use of 
boUraues it forestalls one of the great priuciples of Gothic con- 
stmetlon. On the whole, if we were to assume that the general 
outline of ancient Rome was less varied and interesting than that 
of tuodem Rome, and that the effect produced on the spectator 
would depend rather on masses of bnilding occupying sites of 
different elevation, than on prominent architectural features, no 
one could easily find grounds on which to oontradict the assump- 
lion. But the revivers of the style have taught us that it is fitted 
for an outline of the greatest beauty and sublimity, and capable 
of a pictnrosqueuess of composition not surpassed in the best 
Mediieval |>eriod. And this shows that their work was really a 
revival, and not a mere ft>rmal repro^luction. In tracing the de- 
velopment and progress of taste in the composition of outline, we 
shall advert chiefiy to ecclesiastical architecture, because it atFords 
us examples in greater nnmber and in better preservation than 
any other kind; and also because it baa less restricted art by mere 
economical or iitililanan oonsiderations. 

I am inclined to think that the cironlar churches, derived from 
Roman temples of the same form, ate the first which exhibit that 
kind of outline which is produced by the central tower or dome, 
and which has characterised churches of the highest class ever 
since. The Eastern form however of the Ureek ctosi, with the 



dome or tower at the iotenMtioii, is evidently a very early one — 
perhaps the earliest origioal form of a chorch tliat exists; for it 
does not appear to have been derired, like tlie basilica and round 
church, from Pagan structures. 

The solution of the problem, bow to adapt a spherical dome to a 
square area, must have introduced a new ei^ in ai'ohiteetural 
composition. The value of the dome hsil long been recognii$e<l 
as a method of roofing at once firm, permanent, economical, and 
beautiful; but, so far as we have the means of knowing, it hm\ 
hitherto been used only to cover buildings of a corresponding 
form, as the Pantheon. The cmdform plan aeem* alao t/9 have 
been introduced, to a certain degree for the sake of convenience^ 
into the Roman basilicA,' aud its symbolical meaning would give 
it an additional recommendatit>u iu the eyea of the early Chria- 
tiana; but th*? roof thiiougbout being generally fiat, the aquai^ of 
intersection would be treated in the same way sa tlie arms or 
aiales of the building, and neither receive nor suggest any ad- 
ditional height, externally or internally. When however it was 
resolved to take advantajye of the domical methi^d in roofing the 
square of intersection, makicg the other roofs of the buiMia^ 
cylindrical or semidomical, according aa the limbs of the crosai 
were rectangular or apsidal, then, since the huae of the dome had 
to rest by means of pendentives on the crown of the four arcbes, 
its apex naodeiarily exeesded them in height, and consequently 
rose above the vaultiug% supposing them to oorrespond with the 
arches of intersection. Thia is true, not only when the dome is 
a complete hemisphere supported by pendeutives, but also where 
it is a |i4irt of the same hemispbere to which the peudentivef 
themselves belong, or any other segment of r sphere whateverJ 
Hence the adaptation of a dome to the square of intersectioti 
in a cross church requires a superstructure raised higbcr thaa 
the amhea, and consequently suggests one raised higher thaii * 
the walls and the roof, both exteruftUy and internally. at. 

Probibly St. Sophia at Conatantiuople was not the first ox^' 
ample of a dome resting on four arches^ bo bold an ejcperiment^ 
could hardly have been tried on so large a aoale iori the first tim^^- 
Many of the domical churches in the eaatecti parts of £urope are 
small in their dimenaions, and have no architect oral detail bu^ 
what might be of ooixsidemble antiquity. If we cannot oc^nfi*^ 
dently pronounce any parlicuhir specimen to be of a data eadien^ 
than the reign of Justinian, we cannot poeLiively deny the exia- 
t<*nce of auch at the present day j and we may at \mst aasumei 
that those to which we now have access are iair repreeentativei 
of some of the earliest original Cbristian structures ever designed. 
St. Sophia is somewhat unique among Byzantine churches,' and- 
has ratlier the character of the mosques which surround it^ and! 
which were built after its pattern, than of the churches geneirdly^ 
erected in the East at that time and for many suooeeding centuricaj 
St. Irene, now eon verted into an armoury, ia the next in simv 
to St. Sophia of thope in Constantinople, but very muoh inferior 
in dimensions, the dianieter of the dome being, if I remember > 
rights leas than one-third. 1 cannot tell how far the present t»ut- 
line is onglnsl; it 13 perhape the more pleasing of the two. Th^ 
outlines of some of the old Greek churches in (JnuBtaaiinopIe, audi 
in and abuut Athens, are extremely graceful — ^I may say noblo— aa 
giving to structures anmll in actual scale an air of dignity aiKh 
importance. The central dome assumes the form <ifiaieireuliirf« 
or polygonal tower, of some elevation, and there is* « certain 
breadth about the composition thai prevents any idea of 'mean* 
ness. The actual grcaud-plan is square, but the upper stMge, frcmi' 
which the dome or tower rises, is a Greek cross. To the we^tuiQvdi 
is a narthex or porch, which is sometimes cotftrodriwith anotheiv- 
dome, lower than the principal one. The pGinkfitiJnia supporting' 
the dome required tbtjiuselves the sup^iort, abutment, and ptfAHi 
tection of the walla above the spriugs aud haunche«^ lof thantdbeiL' 
on which they rested; and by raising th^e wallis above theofieil^< 
of the arches additional atritngth was given, and the whr>le>libr(iai 
QonsoUdated. Hence the round or tK»lvir.}iial drum <if thedednffii 
mostly stands upon a square basi , lised above the le^eLn 

of the other walls j and when the t me vraa adopted^ as^t 

soon wssy in the western church, at the intersesiioQ 'uf a^LntitF 
cross, the square bvso oft en i became a square tfjvwonineb^iniitli' 
within itself a circidar or polygonnl dome, which then formed oni}^ . 
an internal feature. This ie an arrangement which provuilatr 
through the whole of the south of Framoe, and In. parte i d|(< 
the central and more northern {irevinoes* , Iti Itnly thi•<so^t^stil• 
tower is genemlly a low octaguu. As a eatiii£&cterv ontliue iivhul* 
thus obtained, the central tc^wer waa «]sed even t^herv no doism^ 
or lantern was shown internally, i -wor^ f» it im ),upiDT> ua* ^udi^ 
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If a campanile was required^ tbia was proviiled, not by raising 
the central lantern to tne requisite height, but by buildiDg an 
independent tower, as in the bnsilican churches. The combina- 
tion of the central lantern with the belfry tower producos some 
of the finest and moat picturesque «ffect8 of outline in ec^'leaias- 
tical architecture. Such combinations are mostly to be found in 
the Romanesque period. I think we meet with thera more often 
in Italy than in France, where the central tower lirst attained 
sufficient height to cover the lantern, and afterwards grew still 
higher, and Decame the highest and principal steeple in the 
church. Whether this was an improvement is a matter of taste. 
For my own part, I am very partial to a fine central tower or spire, 
but I am not certiin whether, on true architectural principles, 
we ought not to prefer the low massive Lin tern of the Italian- 
Komaoesquei combined with the taUer and more slender campa- 
nile; the central lantern giving by its breadth dignity to the most 
important part of the building — ^namely, the intersection of the 
cross, and the lofty tower giving the same feature value by its 
ooutrast, and breaking the monoti>nv of outline. Added to which, 
the arrangement is evidently a good one as regards convenience, 
by detachmg the belfry from the area of the church, and allowing 
walls of any degree of massiveness that may be required Tlie 
Cathedrals of Piacenza and Parma, the Cathedral and another 
church at Asti, many of the churches in and near Pa via and 
Milan, and the Cathedral of Monza, present tine examples of the 
above amngement: some of these are later than the Romanesque 
era, but retain in great measure the general character of the style. 
In England we have unfortunately so little unmixed and unaltered 
Romanesque, or, as I would rather call it, Norman, that it is 
difiicnlt even to imjij^ine a typical example, and such build id ga 
as Tewkesbuty, Southwell, and Romaey, show how grand must 
have been the outUue of a perfect English church of the first 
class in that periotl. But Normandy furnishes us with better 
preserved examples of the style, from which we may form an 
estimate of its general aspect and character. The well-known 
church of St. George, Bocherville, is I believe as pure a specimen 
as can h© found, and its outline, simple as it is, seems to admit of 
uo improvement. It may be questioned whether the present 
wooden spire agrees with the original design: I am however 
speaking of the building so far as the actual masonry aad the 
necessary roofs are conceroed. I question whether the develop- 
ment of the Pointed Gothic really improved upon the best out- 
lines exhibited in the Eomauesque, It certainly gave greater 
height, and varied — perhaps confused — the general outline of the 
building by pinnacles and buttresses. Wliere the central tower 
was retained it was fi-equently raised to a greater height than its 
use as a lantern rendered necessary. The central tower of York, 
which is open nearly to the top, is an exceptional instance rather 
than a type of Gothic central towers, and is unquestionably one 
of the finest, if not the very finest in existence; and it is cer- 
tainly one of those that are least removed from the Romanesque 
model. 

Again, on the Continent the central tower was altogether 
sucnficed to the attainment of height in the whole building itself, 
which in consequence often appeared rather a shapeless mass 
than a fine architectural comfx^sition. The profusion of piunaclea 
employed seemed rather intended to disguise the want nf design 
than to mark as they ought to do imp<>rtant points and divisions. 
Some of the best outlines in Normandy, comprehending the low 
central tower, and loftier but less massive western ones, though 
Gothic In detail, as that of Lisieux, are wholly Roraanesqae m 
character, and those which assume more of the Gothic are not 
improvements. The heigh teuiug of the English central steeple, 
though the effect resulting from it is sometimes extremely beau- 
tiful, as at Salisbury, is seldom carried out without some sacrifice 
as reganls internal arrangement or actual security. 1 am quite 
aware that we find many ugly buildings, and many buildings of 
a fantastic outline, that belong to the Romanesfiuii iieriod, Ta 
Germany, and even in France, I could point out both one and 
the other; but it is certain that in that period a YBrj beautiful 
typo of composition appeared, the eimplicity of which, and its 
iwdupondence of additional ornament, stamps it with a degree of 
relioeri " - ^ " :h is scarcely preserved in the more advanced 
stages ;d architecture, when features of mere decoration 

became ai^ui. laiit The best architects of the Renaissance evi- 
dently felt this, and in their ecclesiastical structures, for which 
they found no available precedent in ancient Classical architec- 
tnre, they retxirned to this Romanesque type, and in a short 
space of time a large number of churches were erected, showing 



a full appreciation of those early models. Many would at a 
short dii^tance be taken for buildings of a date anterior to the 
thirteenth century. The cathedral of Dax, south of Bordeaux, 
would at first sight be pronounoeil Romanesque : it is, in fact^ 
Revived Italian, except an incomplete Gothic tower at the west 
end. At a village between Epemay and Rheims I noticed a 
church at a distance which I made sure of as a fine Romanesque 
specimen. On examining it I found it clearly post-Gothic I 
may have been disappointed at the time, but it now proves valu- 
able to me as an example. 

When I had the honour of reading a paper at the South Ken- 
sington Museum, rather more than a year aoo, I showed some 
drawings of Spanish churches in the Revived Italkn style who^ 
geneml outline had altogether a Romanesque character. I am 
stUl of opinion that theeo churches might be studied to advan- 
tage in the present day, as securing really fine architectural 
features at little or no sacrifice of convenience, and at no exorbi- 
tant expense. In Italy the combination of the low lantern tower 
with the lofty campanile was continually reproduced; and atilJ 
further grandeur was obtained by expanding the oentml lantern 
into a spacious dome, which became the predominant feature 
both externally and internally. Such domes had indeed been 
more than suggested by the early Byzantine and circular churches, 
but the revivers of Cliissic art worked them out with an ebborate 
care in regard to proportion, and often with a success, which almost 
reminds us of the elaboration of the column in Greece. That of 
St. Peter's, as it is the largest, is to iriy mind the finest example 
that can be brought forward. 1 have endeavoured to procure a 
tolerably true outline, comparing my own sketch with an engrav- 
ing tbat appeared to me a very exact arcbitectural elevation, and 
making corrections accordingly. Many prints and drawings 
make it too round and heavy, and most of the photographs I 
have seen are taken from a point that does not show it to the 
best advantage. But though St. Peter's is the finest example, it 
is but one out of a vast number, which exhibit a p^eat variety of 
forms and proportions, nearly all of them pleasmg to the eye, 
and giving quite as much character to the Italian landscape as 
the Gothic tower or apire does to the English. 

Had the dome been congenial to the Gothic, it would surely 
have been introduced in that style, a style which certainly ia 
not chargeable with timidity in adopting new forms and com- 
binations. The arrangement of the central part of Ely Cathedral 
offbretl opportunity for its atloption; yet we find an octagon, with 
a Gothic vaulting adapted to it in the beat way the architect 
could devise, and that architect was one of more than ordinary 
fertility of resource. 

Without for a moment depreciating the grandeur of a fine 
Gothic interior, I must observe tbat the Classic style contains 
elements of at least equal grandeur, if not greater. The churches 
of St, Andrea in Mantua, bt. Justinaand the Cathedral in Padua^ 
are not inferior in solemnity of effect to any Gothic edifice what- 
ever. Had St. Paurs been carried out according to the design 
preserved by the mode!, I can conceive of no design that wottld 
nave been equal to it. An impression of vastness would have 
been produced by means totally opposite to those employed ia 
Gothic, and. to judge from the model, even more effective; while 
the variety of perspective views, and the fine alternation of light 
and shade in broad maBses, would have given a pieturesqueuew 
scarcely rivalled in the eminently picturest|ue Medieval stylee. 
If I am right in believing that there is a picturesqneneas of 
lepose as well as of action — a picturesqueness depending lather 
on breadth and mass than on intricacy and multiplicity of parts, 
then I cannot be wrong in asserting that the Classic may meet 
the Gothic, even on its own ground, on at least equal terms. 

Still, if constructive considerations shouid render a pointed arch 
desirable under any circumstances, its admission does not necea- 
sardy involve that of the whole Gothic system. The pointed 
arch was used before Gothic was developed, and in localities 
which were the last to receive the Gothic style. Saracenic archi- 
tecture has the pointed arch, but it is not Gothic; neither are 
those domical buildings in Aquitania which employ the pointed 
arch, without an approach to Gothic mouldings, in the support of 
tlieir pendentivea. But even supposing the pointed arch to hare 
belonged exclusively to the Gothic, we may tJorrow it if w© really 
want it, without professing to revive the style. It is not an arcki- 
tecture to pass away without inlluencing any succeeding style: w« 
are not obliged to choose between accepting all or none. There 
is one very important element of Gothic which we should be 
foolisli to reject, and of which, if I mistake not, the HvnaiaaaiUM 
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architects saw the value, and bj its means considerably modified 
the rififidity which might have resulted from a strict imitation of 
the ancient C'lassic, — I mean thr. nKiun,*. surface of decoration. 
The use of this mnch 'fiicititates luent of otir buildings, 

while we exclude heavy and iui ^ ornament, and enables 

OS to rebiin such beauties of Gothic scniptnre as are not fnc^m* 
elstent with a mnre severe and refined style. 

As, in advacating the revived Classtical style, I wonld not urge 
the rejection of everything which belongs to the Oothic, stil! less 
am I anxious to defend the glaring defects which characterise so 
many specimens of the Classic. I would not perpetuate the cold 
formality of most of our professed imitations of the Greek; nor 
the feeble, unmeaning, uninteresiting character which prevails in 
do much of our work that claims a derivation from the Roman. 
B«t a discussion upon the defects that may he enumerated in 
Classical buildings, and upon the causes whicti independently of 
Mediaeval sentiment have tended to bring the Classical style 
into disrepute, would occupy a great length of tirae^ and I am 
not sufficiently master of the embject to enter fully into it. I 
believe however the greatest defects in the style ai'e of a snper- 
fidal character, and admit of removal. By clearing them away 
we shall give it a \itality and vigour which its evident eongrnity 
with the practical spirit of the age cannot fail to preserve; while 
the consistent stability of its nature — the very reverse of that 
restless tendency to change which is one of the essential element-s 
of Gothic — will make it a permanently effective style, at least 
till the present conditions of society become altogether clianged. 



t EAILWiVYS IN INDIA, 

The annual report on the railways in India, presented to 
Parliament, has just been printed. It is accompanied by a map 
of India, showing the lines of i*ailway completed at the end 
of last year, those in the oiurae of construction, and those pro- 
jected; from a glimpse of which it appears that the lines actually 
open bear a very small proportinn to those in progress. This 
view of the state of Indian railways looks, indeed, very discou- 
raging, for no one line is finished, and only comparatively small 
lengths of railway in ditferent parts of the vast tract of country 
on which they are traced are marked as having been opened for 
traffic This discouraging-looking state of things may be attri- 
buted to having commenced ^ many and such extensive works 
in different parts of the peninsula, instead of concentrating them 
on one or two of the most importance. The actual condition of 
the Indiau railways is not however so bad as it appears on the 
map, for although only 942 miles in different sections had been 
opened of the 3738 miles that have been commenced, the railways 
are in such a state of progress that it is expected 1317 additional 
miles will be openetl in the course of the present year, and 1147 
in 1862. The cost of construction has hitherto greatly ex^^eeded 
the estimates, and the assumed cost of £12,000 per mile, on 
which the profits had been estimated, will actually amount to 
^16,000, Tlie necessity for obtaining materials from' this country 
has of course added gi*eatly to t!ie cost. In the course of last 
year the materials sent from England amounted to 234.710 tons, 
their value being no leas than £2,140,703, but as the various 
lines approach completion the amount of materials required from 
England will rapidly diminish. Some very formidable works 
have yet to be finished, especially on the East India Railway, 
from Calcutta to Delhi. Of these, the Monghyr Tunnel, the 
Soane Bridge^ and the Karutonassa Bridge, were inspected by the 
Governor General in December Irtst, and they are described by 
him in a letter in the apj>endix. A great part of the tunnel has 
to be exca\Tited through quartz rock, and, though onlv 9<)0 feet 
long, it has provied a very laborious and costly undertaking. 
Lord Canning expreftstes the opinion that it was not necessary to 
undertake it, as the tunnel only saves three miles in the Ttnole 
distance. The Soane Bridge is a worV of great magnitude and 
difficulty. It is to consist of 27 lattice spans of 150 feet each, 
and, including the abutments, the bridge will be nearly a mile 
long. Each pier is to stand " on three wells of 18 feet diameter." 
The wells of all the piers had been sunk through 30 feet of sand 
to the stratum of clay beneath. The stupendous works on the 
Bbor© Ghaut Railway' Incline, 15 miles long, and including 2535 
yards of tunnelling, and on the Thnl Ghaut Incline, 9 miles 
26 chains long, both on the railway that is to connect Calcutta 
and Bombay, have been previously noticed in our Jonrnal, iu 
papers by Mr* J. J. Berkley, the chief engineer. 



The financial position of the Indian railway companies is at 
present an important consideration, as many of them require the 
direct assistance of the government for their completion* When 
the report of last year was made it had been estimated that the 
railways would l>e completed for a sum of £52,430,000; but 
according to fresh estimates, since made, it appears that nearly 
^56,000,000 will be the amount required. On the 30th of April 
last, it is stated that £34,3i>6,445 had been raised by the railway 
companies, and i^'34,04:J,12B had been e^epended, * Of the sum 
yet rerjoired, the distribution of it over the next three or four 
years, and the sources whence the money is ex|iected to be 
derived, are thus stated: — 

In lS«11-fi2, £S,000.fK10 £%im\V^m £0,000,000 

1662'6», 4,000,000 750,000 ... .... 3,260,000 

l8fi3-64, l,500.0aO ..*„„.♦ aOO^OOD 1,200,000 

1864^tJ5, &00,mO lOU.OOO ,. 400,000 

When the works already in progress are completed, the consi- 
deration will arise, whether the postponed works should be then 
procee<led with, at a further expenditure of eight millions ster- 
ling. The receipts on the sections of railways already opened 
cannot be taken as indicating the amount of traffic that may 
bo expected when the lines are completed, but so far as any 
opinion can be formed from such partial openings of railway 
communication it is satisfactory. The number of passengers 
carrietl during 1859 was upwards of three millions; and the 
annual earnings on the 30th June last amounted to about 
.£318,310. As might be expected on the first opening of railways 
in such a country as India, there was a large proportion of acci- 
dents, caused principally by engines and carriages leaving the 
rails, though the number of lives lost was comparatively small. 
In 1859, the last year for which there are returns, there were 29 
occurrences of that kind, of which 21 were on the railway from 
Bombay to Sholapoor, but the number of passengers killed on all 
the Indian railways during the same period did not fivn.-.i^J nine. 
The report, which is ably drawn up by ^tr. Dailvt ! ry 

to the Railway Department at the India Office^ : :. as 

follows: — 

** It will be seen by iho statements which have been grren above, that 
now the only impediment to tlie development of the railway ajpatem in 
India ia the apprehended difficulty in supplying funds. The physical 
and engineering obstacle? which preaentod themselves, if the? have not 
been entirely overcome, are in a fair way ofhelng sannounted. Ttlvei* of 
groftt width and depth are hemg s| " Ijridgea which will stand 

as monunienta of the soientific ekili ni t age; mountains will be 

CKMiaed by meani of works which of tJim nmt ^vtll beunriTaUed; swamps 
and junglts haTe been drained and cleared, and hills have boon pierced. 
AM tbis has been done with British capital, but its flow in th« iama 
direction, through the appointed ohanoels, bai for a time nuataiiied a 
Qheok. Mid this ia not altogether to be wondered at, when the dit- 
turbing ihSuencea of the hutt few yeara are taken into cousideratioo. 
For a lojig period the fuads railed by tho companies were abundant, 
and balatioea of considerable amount luiually stood to their credit. There 
is no reason to auTipow that this atoa^ly supply would not have con- 
tinued had it not l4en for the political convulsions which have taken 
place. The excessive expenditure caused by the mutiny forced the 
government to contract large loans, which natorally interfered with the 
finaooial operations of the companieii. This may be regarded oi a 
temporafy cause which will pass away; but It was not possible to wait 
for more &vourabl« limes without incumng- aenous kMS. While the 
diflioulties have been increasing the works have been prooeentedf and 
have now arrived at tJiat stage in their progress which demands an 
outlay during the present year as larg« as last year, and higher than will 
be requinwl in any subsequent year. The future progress «fid early 
succea^ of these great works depend, then« upon the financial arrange* 
menta that mi\y be made to meet the expenditure requialte to bring them 
into a profitable condition. It has all along l>e3n necessary to extend 
the support of the government to the companies which have undertaken 
th^m, Affisistance has been given in the ishap€ of a guarantee of interest 
upon the capital, and with this help more than thirty- four millions have 
been raised. Upwards of two more can be raised by calls upon issued 
sharoi, and, if the stale of the money market improves, further amounts 
may be obtaiaed by debentures and additional shares. But if thu ex- 
pond i tune is at a rate more rapid than that at which oapital can bo 
Fiysed by these means, it may be necessary to have recourse to govern* 
mmi aid in tht) shape of advances. The charge upon the state involved 
in this arrangement will not be more Utan it now is, and the risk to the 
government will not be greater, b« the conditions of the coiitra«to re* 
main unaflect«fd by it, Tbere can be no doubt that the beat policy to be 
pursued, under existing circumatonces, is that which has been decided 
on — nx, to proceed steadily with the works which are in progre&s, and 
to raise funds as required — if the companies fail to do so— through the 
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direct agency of tb» goTorament; to postpone, but only temponuily, 
workB which have not been commetio^; mad to guaraotee no farther 
proi&cta until the linen alre*dy sanctioned have been completed. 

The interest« idike of the government, the railway companies, and of 
the public would be BAorificed by the sua pension of operations in the 
present ocmdition of the lines. Not only would a large outlay remain 
unpnifitable, but positive loss would l>e incurred by the damage to, 
aodj evan destruction of, unfinished works, if left to the mercy of the 
<leiHCBti in Jk tropical dim ate. Never, perhaps, was there a time more 
^regnAQt than tbi» preaent with proofs of the necessity for a sur« and 
p^rmaaent system of internal communication in India, Whether we 
look to the lamentable accounts of t^o famine now deiictlatiug the North- 
West Provinces, or to the anxiety with which passing events tu America 
are being watched by our manufacturers^ and to the temporary and 
necessariTy imperfect measures which are being taken by tbo local go- 
Tcmmenta to aid the transport of Indian cotton to this country; or 
whether, adverting to the laiige European force now destined to garriflon 
the country, we consider, the safety, ease, and economy whieh would 
be secured by the conveyance of troops by railway, the early completion 
of the main lines which have been sanctioned appears to be a matter of 
paramount Importanoe, and to adtnii of no delay. 



NEW CHURCH, HICHAM, SIirFOLK. 

The small village of Higham, attached to the pariah of Gazeley, 
and aituate about two miles diBtaDt, has until recently been 
wltolly without church accommodatioD. This want has juat been 
j^upplied by the erection of a building in size to meet the require- 
ments of the place, and in architectural propriety and character 
Sk kind of model ediUce. This church, whicli is dedicated to St 
Peter, was cousecrated on the 27th of June* The arrangements 
of the plan are quite simple, conaiBtLu^ of a nave and north 
aisle separated by an arcade of four bays, a duly proportioned 
qhaacel, with organ cJiamber and vestry added, aa a kind of 
continuation of the akle, alongside of the chancel. There is 
^^ a sjiacious south porch, and a tower at the west end. TUis 
^wer is of a form unusual in modern times, though there 
are several old ones of the kind in that locality, being quite 
circular on plan, as at Snailwell, RiBby, and Little Saibam, 
and having a small ataircaf;e (also circular) communicatiug with 
the ringing chamber above. Its diameter is 20 feet at the 
base, the wdla being 4 feet tliJck, and in height it is divided 
into three stages; the lower (open to the church, and serving 
a^ a baptistery) will have stone groining, spriogitig from four 
small corbelled shafts, with moulded capitals and bases. The 
ringing floor is perfectly plain, being marked only by a email 
loop window on the west, north, and south sides; above this 
olmmber is a striug-oourse or set-off, upon which rest the bases 
of tbe series of columns and arches which surround the belfry 
stage, which of course clears the ridge of the nave roof. The 
belfry windows are single-lightSi with tracery in the heads, and 
they face the cardinal points. A corbelled cornice and imnxpet 
complete Uie height of the tower itself^ which will be surmounted 
by a low conical roof, having four lucames, and covered, like the 
rest of the chureb, with tiles. The porch has a richly-moulded 
entrance arch, and above the apex is a geometrical circular- 
pattern ornament, carefully worked in stone and napped flints: 
the side lights to the porch ooaaist of two ouatrefoik each. A 
north dour kces the south entrance to the church, and there is 
also an external door to the vestry « 

The east window is of three lights, richly moulded and shafted, 
those within being of Furbeck marble and having foliated caps. 
In the head are three circles, two of which are cusped with sex- 
foils, and one with a cimmefoil. The south wiudows both of 
IMLve and chancel are all ot two-lights, and have tracery in keep- 
ing with the east window, being jiiternately aexfoils and quatre- 
foSs in circles over the trefoil heads. The aisle is lighted by 
three coupled lancet windows on the north aide, and a larger 
window at the west end. The roofs of nave and chancel are 
high-pitched, the former composed of polygonal rafters with tie- 
beama, having ahai'tcd king-posta at suitable distances. The 
cliancel roof consists of a succession of curveil rafters ; the aisle 
has a lean-to roof, and, like the others, has its timbers exposed 
to view. The whole of the seats are of open framing — ^in the 
nave of red pine, in the chancel of oak. 

The chancel arch is boldly designed, and has some exquisite 
oandDg in its capitals. The organ-chamber opens both into the 
zuAle and chancel by corbelled arclies, wliich are also handsomely 
carved. The piers between the nave and aisle are octstgonal, and 



have moulded capitals and bases. The pulpit stands in the north 
angle against the chancel aich, and Ls also of octagonal form. 
The upper part is of atone, two of the exposed sides l^ing carved 
with the heads of St. Peter and St. Paul in sunk quatrefoila; 
the lower part consists of a cluster of marble columns round a 
central pier, and this variety of materials and colours produces 
a very satisfactory effect. The same idejLs have been observed 
in design ing^the font, which is circular, the bowl being of stone, 
and resting on marble shafla. 

Owing to the space occupied by the east window, that left for 
a reredos is necessarily limited^ but what has been done is in 
excellent keeping with the other decorative internal features. 
There is a continuous alabaster panel, com^sponding with the 
length of the table, and reaching up to the string under the 
east window sill. In Its centre is a circular sunk panel, with 
a Maltese cross inlaid in Galway marble, while on each side 
are two long panels, also sunk, and inlaid with various marbles 
in a small chequered pattern. The remainder of the east wall 
up to the same height is filled in w*ith an etfective arrangement 
of red,, black, and green glazed tiles, with intei^bandings of 
Mansfield stone. The church is paved with plain red and black 
tiles, laid in a cross pattern; the sacrarium being of Minton's 
mosaic tUea. The walla are throughout of flint, with bandings 
of Ancaster atone, which is also used in the ciressin^ generally. 

The architect employed was Mr. Gilbert Scott, ol London: the 
flint walling and masonry being executed by Messrs. Holland of 
Gazeley, and Kattee and Kett of Cambridge, jointly; and the 
woodwork, as also the carving generally, by the latter firm 
alone. The pulpit and font were executed by Mr. Farmer, of 
London, and the reredos by Mr. Fieldi of Piarliament-atreet, 
London^ 



NEW THEORY OF THE FIGURE OF THE EARTH, 

By F. C. Bakewell. 

Having directed my attention for some time past to the actions 
of gravitation and of what is calIe<J centrifugal force on the stir- 
face of a solid globe when in rotation, I have arriveii at conclu- 
sions respecting their effects on the figure of the earth directly at 
variance with the theory generally accepted. As I have arrived 
at those c«:)nclusiona from a careful examination of the laws which 
govern tlie attraction of gravitation and centrifugal force, I pre- 
sume to hope tliat the causiderations which have led to them 
will meet with candid attention. 

It is generally received as an established truth that the rota- 
tion of a solid globe about its axis tends to accumulate the loose 
surface-matter at the Equator. My object is to prove that, on 
the contrary, the tendency of the rotation of such a globe is to 
accumulate particles of matter on the surface at the poiu. I do 
not, of course, deny that the figure of the earth is an oblate 
spheroid, nor do I denv that it received that figure by the action 
of centrifugal force, but I maintain that such a figure could 
only have been given to it by rotation when the mass, or a gr«at 
part of it, was in ajluid Hate, 

That proposition is baaed on the self-evident truth, that a body 
perfectly free will move in the direction towards which it 19 
most strongly attracted or impelled. An eminent mathematiciaiif 
to whom I submitted my views respecting the figure of the earth, 
did indeed at first deny, and afterwards cavilled at that tmih, 
but it is so manifestly clear, being in fact only another expressioa 
of one of the laws of motion, that I take it for granted as gene* 
rally admitted. In accordance with that axiom of mechanical 
science, I assume that water on the surface of a solid sphere will 
flow towards the part where it is moat strongly attracted. There- 
fore, as the effect of the roUtion of such a sphere would be to 
diminish the attraction of gravitation on the surface, and to 
diminish it most where the velocity of rotation was the greatest^ 
all bodies tree to move would be attracted towards those points 
where the velocity of rotation was least rapid • or, in other wordsi, 
towartls those points where the attraction of gravitation was the 
strongest. There would consequently be a greater aocumulatioD 
of water at the ]x»ies than at tlie Equator. 

To the proposition thus briefly demonstrated I think I might 
be jnstified in claiming general assent, and it seems di^cnlt to 
conceive how anyone acquainted with the facts can have arrived 
at a contrary conclusiouj but as that theorem \% opposcnl to the 
opinion hitherto entertained on the subject, it is incumbent on 
me to do something more than append to it the initials Q.E.D. 
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' Before arguing the qiieation fiirtber it ia desirable to state dis- 
tinctly what ia the existing belief in the scientific world of the 
tetidencY of centrifti|?ai force to accumulate matter on the surface 
of the globe. This haa been done ao broadly and clearly by Sir 
John Herschel in hia * Outlines of Aatronomy,* that I cannot do 
belter than accept that distinguished philosopher as the exponent 
of the general opinion on that subject 

Sir John Herschel, after considering what would be the effect 
of gravitation on a solid sphere at rest, if converted into a 
spheroid by taking matter from the poles and piling it np at the 
£qnator, next considers the sphere put in rotation, at the rate of 
one revolution in twenty-four hours. In that case, he says, '*a 
centrifugal force would be thus generated whose general tendency 
would be to urge the water at every point of the surface to recede 
from the axis;" and th€ oonsequeuoe would be, that solid matter 
would^ by the action of the water, be gradually carried towardii 
the equator, **to remodel the surface of the solid nucleus in 
corres^wndenee with the form of e<|nilibrium.** It is still more 
strongly stated by Maclaurin, when considering the same propo- 
tition, that the water would recede so far from the axis as *' to 
leave the polar regions elevated many miles above the level of 
the sea/' 

No cause is assigned by those eminent philosophers, beyond 
the action of centrifugal force, why ihe water should leave the 
poles towards which it is most strongly attracted to flow to that 
part of the surface where the attraction ia the least; yet it is 
admitted, at the same time, that the action of centrifugal force ia 
the cause of the diminution of attraction at the Ecjuaton In 
other words, the aaaumption that the rotation of the solid sphere 
would cause water to recede from the axis to the equator involves 
Ihe absurdity that the same cause which diminishes the attrac- 
tion also increases it at the same point 

In order to show in a popular manner the effect of centrifugal 
force iu dimtnisbiug the weight of bodies at the Equator, Sir 
John Herschel has recourse to an illustration, which, at the same 
time that it renders that effect more manifest, may serve to 
refiite the hypothesis he has expounded; therefore I will press 
it into my service. He assumes a cord to be supported on props 
and pulleys along a meridian from the Equator to one of tne 
poles, with a weiglit suspend ed at each end. In that case, he ob* 
serves, it would require a larger weight at the E<iaator to conn* 
tarbalance a smaller one at the pole. Now if, instead of unequal 
weighta, we suppose exactly similar masses of the same metal to 
be suspended at each end of the cord, the mass at the pole would 
preponderate^ and be drawn to the ground, and it would draw 
the cord along with it Every particle of the cord along that 
meridian would thus be drawn towards the pole by the superior 
attraction of gravitation; and in liJse manner any other body free 
to move would be impelled in the same direction. The effect 
would be similar, though of course less in degree, at any inter- 
mediate points of the meridian. Even at the distance of a mile 
apart, the weight nearer the pole would draw down the other 
one, if the apparatus were sufficiently delicate to indicate the 
minute variations of attractive force at the two stations. It 
seems stran^ that in proposing the illustration of the cord and 
different weights, so trifling a moditication of it as the assump- 
tion of equ^ weights should not have occurrenl to Sir John 
Herschel,, by which the effect of centrifu^l action in attracting 
matter towards the poles is as clearly exnibited as its effect in 
diminishing the weight of bodies at the Equator: both effects 
being, as I maintain, one and the same. 

It being generally admitted that the rotation of the globe 
diminishes the weight of bodies at the Equator in a greater 
degree ihnu at the poles, it will facilitate the demonstration of 
my proposition to examine in w^hat manner centrifugal action 
produces that effect; but before doing so T will again quote an 
explanatory passage from Sir John Herachel's * Outlines of 
Astronomy/ He says (page 14D, third edition), "The weight of 
a body (considered as undiminiiished by centrifugal force) is the 
effect of the earth's attraction on it This attraction, as Newton 
has demonstrateii, consists not iu a tendenc}' of all matter to any 
one particular centre, but in a disposition of every particle in the 
universe to press towards, and, if not opposed, to approach to 
every other. The attnvcttnn of tlie earth, then, on a body placed 
on its surface, t« jwi a wimple but a eomjtteo' Jiw*^, r^utUug in the 
separate otiracUon* ofatt iU partt. Now it ia evident that if the 
earth were a perfect sphere the attraction exerted bv it on a bo*3y 
placed anywhere on its surfnce, whether at the Equator or at 
the pole, must be exactly alike, for the siniple reason of the exact 



Fto. L 



symmetry of the sphere in every direction," To produce this 
state of equilibrium in the sphere, it must be assumed that the 
mass of matter conipoaing it is homogeneous, for it is evident 
that if the matter near the pole possessed more attractive power 
than the matter near the Equator, the attraction cf a body placed 
anywhere on the surface could not be exactly alike. Ntm it is 
admitted that the equality of attractive power ia disturbed by 
rotation. The centrifugal force at the Eijuator diminishes the 
attraction of gravitation or the weight of a body about yj^jth 
part; whilst its influence gradually diminishes to nothing on 
approaching the plea. The matter at the Equator ia thus ren- 
dered apecifically lighter than the matter near the poles, and the 
mass of the sphere ceawes to he homoffeneaim. The attraction 
exerted by it on a particle of matter placed anywhere on its 
surface (midway between the Equator and the pole, for example) 
would therefore be no longer exactly alike. The sepanite attmc- 
tions tending to draw the particle towards the Equator woukl 
cease to be equal in force to the separate attractions in the con- 
trary direction, which counterbalanced them when in a state of 
rest; and the attraotioua on the particle iu the direction of the 
Equator being weakened, it would obey the superior ibrces 
urging it towanis the pole. 

For example, let M (Fig. 1) represent a particle on the surface 
of a homogeneous sphere drawn towards the mass by separate 
attractions in all directions, a few of which are represented by 
Ma, Mrf, Mr, Me, and M6. The force Mc, which attracts the 
particle directly towarda the centre c, is but a small part of the 
whole, but, so long as the other forces on every side of Mc re- 
mained relatively equal, their combined actions would tend to 
draw the particle towards the centre. Thus, the force Ma draw- 
ing the particle towards the Equator E, would be counterpoised 
by the eqnal force M6 drawing it towards the pole P; in like 
manner, Md would counterbalance Mtf, and so on of all the other 
eaual diagonal forces bearing on the particle from opposite side*. 
The result of those combined attractions wonld be to draw it 
towards c, and the aum of their forces wouhl conatitnie the 
weight of the particle. But if the forces Ma, Mrf, were to become 

leas than the corresponding forces 
which tend to draw the particle 
towards the pole, the resulting 
direction of tlie combined forces 
acting on M would not then be 
towania the centre, but towards 
some other point on the axis 
nearer to P, and the weight of the 
particle would be diminished. Tliat 
is the effect of rotation on a sphere 
of homogeneous matter: the at- 
traction of gravitation in those 
parts near the Equator is dimt- 
nished In a greater degree than 
in the parts nearer the pole, con- 
sequently the particle M would be urged towards the part by 
which it was moat strongly attracted. 

This effect of centrifugal force ia the more manifest if it be 
considered as acting on a suspended plummet instead of on a 
body resting on the surface. In that case the insignificant effect 
of centrifugal force compared with the attraction of gravitation 
becomes more apparent, and the actual direction in which the 
combined forcea attract the body may be viewed without being 
obscured by the ordinary notions of the action of centrifugal force 
when not counteracted by centml attractions. Thus, when the 
sphere was at rest the plummet would be drawn by the separate 
attractions of all part*! of tho mass towarda the centre with a 
given force, and tho plumb-line would be perpendicular to the 
snrfiiee. But when the sphere was in rotation, the attraction of 
the plummet to the earth would be diminished by centrifugal 
force in proportion to the velocity of the rotation of the sphere at 
that part where it was placed; and the relative attractions of the 
sphere having been altered by the diminution of gravity at the 
Eipmtor, the plummet would be drawn towards the pole, and the 
plumb-line would no longer be perpendicular to the surface. 

If the mass of matter were fluid, the effects of gravitation 
and of centrifugal force would be materially altered. The fluid 
when at rest would accumulate round a central point, and form a 
perfect sphere, each particle on the surface b^ing at an equid 
distance from the centre, and each one would be stationary, for 
none would bo attracted more strongly in one direction than in 
another. So long therefore as the fluid sphere remained at rest 
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t1^re..wpuld b«< eqmlibt-iuiQ i^ ev^iy part^ ^l^t that ooQditioQ 
would^l^ ij^med lately eliauged It the Bphera were rotatiuj^ about 
au axis. In that case, tlie gravity oi trie fluid near the E<|iiator 
being dimiuislied by eentriibgal foroe, tb© relatively inci*eaaed 
aUnwtiou of the fluid luattcr near tb^ prdes would draw those 

pajrU of tbe - > - - .1 ^^^j ^ quantity of the lighter 

il^lili^wo^ld 1 (tor, imtil the quantity thus 

^r/i^i^d oatw. i u\ iw» increaaed tuiisa for ita dimi- 

iiiMh4ed d^tt8 juilibriuni wa3 by that mean^ again 

i-egi^^iiirJ 1 ,_,, ,,ii ixll pixrt^ oi the sarface being thus 

FfT Jijht of the same body would b^ the bi\m@ 

Vi» ■ 'urij I if tliur Huul itirns wnulij be that of an 

qhi <lixjg to the 

W'" lortjon* that 

tlv bti pur|' fnirt of the 

^jii of the Co; I an. 

I 1 Uiat Ihi^ fuiinatiou of au obUte 

rij ! dd roa^& diflers essentially from 

the, uiiti^aifiy ii uiiiUuu of a solid spheroid by rota- 

tj^tlli ^Iikthj^ fori suillhrium ia restored by tho mutual 

^tM'j^il \ '^ ' ' ' ' V ' iateiior 

IwljustJi ives, not 

tj ttlHiaiwi Jt;^ tiu5 .^uuiuL^i uucixii;*, m a Solid 

glbb^.^^ipn. utual at tjrao Liou aud iutenud adjust- 



particle upon its &urf:i 

pf Ocfttrifutfal force. • 



lioUd spher«v-'^' 



; my view 
cried at n 



\miS^P at i 
^ quail tiLv . 



of the separate attractions of 
111 fruhf'toid iike tho t:n th on a 
ion 
heu 

tiiient mathematicians that 
! of 



' I'licle placed 
parts where 
iLnjLuu iijaufi\ Thu^t let 
of a sphere, to which the 
to form tlie spheroid Ka t>^, 
V. A particle placed auy- 

nHr.'i.'fr..? f.,xv;...lQ ;^J" qT S, 

it where 

-.et'iiiint'' 



pMpw 



ib^lSja^qJE^ttif^ctioo isfitroni^er 



...Sh 



aw it toward^ 

j4iJ*' uaUtr \Vi,ii]M V- , _ _ 

4-^'- : the sphere; aad, 

:^* iu tJie fMjles woulil 

%i^ Uj|;tiJ#fivifl|{.,^iii^V^a^^ i£ tiu$;^ij*iity,oi;$ii« add:«d ijiaria 
were less than that of the sphere, , i 

i)'JCtiatithe i^ipreaSi^ of ijeusity WQold inoreaae the attractig^ at 
'ifepiilH»l«Pj '^li^ W ir^dMif <^JUceivedi a^d the c^^nti-arv will be 
,^id^nti4fftbpi;^a^ >Va4v6, which forma tl. ' into a 

4pbi>ir3i4»7Ul».#pPf>jAa^ ta be a Iiollow ahell dc-> Lractive 



,_,_-_^^_ I ilrt if will ' it- 

.jilAerold at J 
,|^<ti' e wouid i^ *^uai 



I© diliisit)' of the pro- 

I ijruji4a the. abs^olute aiaiount 

r^h^ve diifereui^e would he 

^ *y gradwil ly kUw} i ni sh i ng th e 

]rit,Wiight,be.attained on a 

iuN of i.aavitation at ♦? very 

liulaou of density 



gmdu&llj increased antil the ipheroid was brought into the 
condition of equilibrium. But until that condition was attained 
a particle on the eurface would continue to be drawn towarda 
eittier pole, notwithstanding the direction of centrifugal forc«; 
and that is the condition of the earth at the present time. The 
centrifugal forqe would not counteract the origiual tendency of 
attraction towards the poles until it was sufficiently powerful 
to fvroduce equilibritirai and then the p&rtide would remain 
wherever it was placed* 

Supposing the velocity of rotation were increased beyond tho 
state of equjlibriuni, the continued diminution of the attractivie 
power of the protruded mass would relatively increase tba 
attraction towarda the poles, and the particle would again teud 
to move iu that direction* The velocity of rotation might 
indeed be so far increased as to bring tliemttractive power of the 
protruded portion of the spheroid into the oondLttou before nor 
ticed of a hoilow shell, when the relatively increased attract ioae 
of the poles would draw all* movable surface matter tow^ard* 
them, Thus, whether a splieroid be ooneidored at rest or in 
rotation, p^ulide^ on its surface would be attracted towards iU 
shorter diameter, excepting when the velocity of rotation wiU 
exactly snlhcient to produce equilibrium. 

The chief argument adduced and reUed on by those who main* 
tain that water on the aurface of a solid rotating sphetie woidd 
recede from the axis 18^ that tlie direction in which a particle is 
tirged by centrifugal force, combined with the attraction to the 
oentre of the sphere, would carry it towaixls the lik^uator. The 
distinguished mathematician to whi^m 1 have before referred oi 
having opposed my views on titii subject^ favoured me by statix^ 
and by solving the problem in that way; and as. it 10 a clear 
exposition of flie objections to my hypothesis, I will f^ive it ia 
his own words: — * 1 u i 

f' T i,-nr>T...^.. tTi.t V,M1 ull] -ulTi.i*."t^lftf 'ir t<V 



wholly t:i>uiitt?ri*cte<i hy the prtjadurfc! of the i»urface. * 

Let now the ti^vre (Fig. S) represent a hom^ij^^ae<nia ^b& rrrotfing 

mnfijirmly abmit an nx'm Pp, patfung through Its oeoftre e^ uod ia^ M 

Ije a ptLTticIc on the eurfacc : in whiit threctioQ will it be itnp«]lfHi4 
By introducing- the irx^Ued oent-'if" *"! ♦— - - -— ^r--* *»•" -- >.|.-ni 
B* une of equiiibriiua, thf>us|h 1 hp 

iumes nciin^ on M arg, the ft'.; ^ 

and the o^nti'ilwgal (ore** >tB, in «, ili ; P^ 

(iiivf AM <Fiir •*K au'l lot fall BP i-* fofipe 

Mf; ,..■■■- ■,■■-■-. E 

\i 

if tha attra<^k«Ti over th^ perp^ndiciil 



' I r.T \vn fKinal and paraUel to DB, fo h - 



llie force M E^ being pefpendiculatr U> the inxv 

<MiUuitrt'ftute(l; th«^ force M6 will mipel the particle 

ii^ tkc E'lmiiur. Tha^ incB^nae or decremw ol \)y& fore« in pAesing 

> ona point to another h«d nothisff to do with the directiou ia wUicJ^ 



on what t: 
ii the part 



Fio, 1 



■A 



w-^*" ■ 1 '' were the assumo^i _ i put in rotation 

about iU shorter diamet^/artd the velocity ot rbtation might be 



The liigh station which tlie author of the, foregoing probJ<:^m 
holds as a Professor of Mathematics juetifiee me in consider iug 
his explanation of the assumed tendency of the pai'ticlea of matter 
on the surface of a rotating sphere to move towards the Eq'UAtor 
as the one that is generally accepted; it is important therefore 
that I should examine the problem, and point out the errDDeoQa 
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MBampiioQs on which Its Balution 19 foynded. I admit that 
tf the iphere when in rotation be regarded as a homogeneous 
Siaas, the attraction of gravitation would act on the piuLicle M 
I^erpendicularlj to the surface, and that the result of tlie eonapo- 
iiiion of the two forces would be the 
fittraction of the particle towards 
■ome poiot nearer the Equator than 
the centre of the sphere, and it would 
C0D3ei|ueQtly be impelled from the 
pole. But it baa been ehown that 
the effect of centrifugal force is to 
disturb the homogeneity of the maasy 
and that the point of attraction 
would not be the centre of the 
sphere, but some part nearer the 
pole, and that the particle would 
therefore be attracted in that direc- 
tion. 

In the next place, the statement that the variation of attrac- 
tive force at different parte of the surface has nothing to do with 
the direction in which the particle ia impelled, is direcUj at 
variance with Newton's deraoastration, " that the attraction of 
gravitation on a body piaoed on the surface of the earth consists 
not of a tendency of all matter to one particular centre, but is a 
complex force, resuiting in the separate atti-actions of all its 
parts/' The force acting on the particle at any point is the 
result of many fonjes acting on it in different directions, and if 
they increased or decreased in any of those directions, the action 
on the particle of matter would vary accordingly » Though it is 
true therefore that the direction in' which a particle would be 
impelled ** depends only on what the force is where the particle 
is,' the direction and amount of the force would depend on ite 
component parts; and, in the case of a particle on the surface of 
the earth, on the relative degrees and directions of the separate 
attmctioua of all its parts. I agree that the question is ** not 
what the force icouid become if the particle were to move into 
such or such a position;** but I contend that the different forces 
in such and such a position influence the attraction of the particle 
where U i>, 

I might, if it were required, present sevei-al other considera- 
tioQs in support of my proptiaition, but 1 trust that what I have 
already said is sufficient I have considered the qiu^slion fi-om 
various points of view, and each one shows that the tendency of 
the rotation of a solid globe is to attract matter to the poles and 
to repel it from the Equator. It has been shown, that if bodies 
on the surface of the earth obey the same law in relation to the 
•arth itself that they do to one another, they must be attracted 
towards the poles, because those are the points of greatest attrac- 
tion; it has been shown that, according to Sir John Herschel's 
illustration of the diminution of gravity at the Equator, bodies 
would be drawn towards the axis of the globe by the action of 
centrifugal force; it has been shown by an examination of the 
cause of the diminution of gravity at the Equator, that centri- 
fugal force disturbs the homogeneity of the matter in the globe, 
and increases relatively the attraction of the mass near the poles; 
it has been shown that in a fluid mass the disturbance of equili- 
brium is oompensat^ by the compression of the poles, and by 
the internal adjustment of the fluid particles, which is impossible 
in & solid sphere; it has been shown also lliat on a solid spheroid, 
whether at rest or In rotation, the points to which water would 
flow are the poles; and after having, as I conceive, established 
rav position by arguments based on those facte and illustrations, 
I have shown that the problem by which it ia attempted to prove 
that the direction of centrifugal force counteracts the attraction 
of gravitation, is founded on error, and is fallacious. 

I make do apology for thus venturing to contradict established 



audacity^; and if 1 have been successful in proving my viow of 
the subject to be correct, I am sure that no apology will be 
required from me. I purpose on a future occasion to consider 
the cause by which the equilibrium of the globe could have been 
disturbed after having once been in a condition of bydmstatic 
oquilibrium, and in what manner my views of the actions of 
centrifugal force and gravitation would effect pendulum experi- 
ments for ascertaining the ligure of the earth, 

Hampstead, July 10, 1861. 



OK THE OPERATIONS LATELY CARRIED ON AT| 
BAYEUX AND CHICHESTER CATHEDRALS* 
By G. R. Buxi^TCLL. 
The preservation of the monuments connected with our civil 
or our religious history is a subject of so much importance, and 
It IS one which appeals so strongly to the feelings of all who xn * 
connected in any manner with the architectural profession, that it 
would be useless here to entertnto anv explanation of the reasoni 
for my veuturiug again to call your attention to the contempo- 
rary events i seek to place in parallel A great uatiooal calamity ^ 
has befallen us in the utter demolition of the beautiful spire of 
Cljichester Cathedral : it seems to be apprehended by peraont 
a*r ^ ^^^^ correct opinions in such cases that the spire of ' 
ealisbury Cathedral is in a state nearly as dangerous as that of 
Chichester was about twelve months smcej and some othem of ! 
our most beautiful mediseval buildings are unquestionably in a 
very unsatisfactory condition. Under these circumstances it 
seemed, to me at least, very desirable that an attempt should b« 
made to derive all the practical information it was possible to do 
from the lessons furnished; on the one hand by the sad accident 
which has befallen the works at Chichester; on the other, by the 
successful operations of the same nature executed at Bayeux. 
Fosaibly in this manner we may learn the nature of the danger 
now threatening Salisbury, and the best means of obviating it: 
at any rate, it is our duty to compare the technical processes 
adopted in the respective cases referred to, which have led to 
such markedly different results. 

In the case of Chich«iter Cathedral, it would appear that the 
objects which the original promoters of the restoration proposed 
to themselves, and which served as the basts of the instnictloiM 
given to the architect, were, to remove the existing choir fittings, 
and ^ open otit the choir, in order to afford greater fteoommoda- 
tion for the public at the cathedral services; and it was distinctly 
understood, as I have been informed, that the works so contem- 
plated were not to include any structural repaim. The ancient 
sLills and the Arundel screen concealed to a ocmsiderable height 
the surfaces of the piers under the great arches of the steeple. 
The piers rose to a height of about 45 feet from the floor to the 
springing of the semicircular arches; the openings of the latter 
being respectively 25 ft, Sj in. and 24 ft. 2 in. in the portion of 
^"® arches which was able to produce any dynamical action. 
Above the semicircular arches there were some pointed dis- 
charging arches of great strength, if we may judge by the pub- 
lished description of them; but as the weight supported by the 
two series of arches was eventually brought upon the piers at the 
intersection of the nave and of the transept, their stability, and 
that of the superincumbent tower and steeple, was in fact made 
to depend upon the resistance of those piers to the various efforts 
exemsed upon them. The height of the extreme portion of the 
steeple was about 272 feet from the ground; the weight of the 
superstructure, from the line of the capitals, was about 6664 tons; 
the bearing surface of each pier is stateil to have been &3 feet, or 
11,952 BUf>erlicial inches; though, from some dimensions 1 ob* 
tained in the cathedral itself, I suspect that the available bearing 
surface was not much more than 74 feet, or 10,656 superficial 
inches; or in round numbers, the crushing weight at the spring* 
ing line might have varied between neariy 264 and 300 Ik pr 
superficial inch, acting upon an irregular rectangular piiUr, 
whose height did not exceed nine times the dimensions of the 
smaller side; and it is to be observed that the longer axes of the 
piers corresponded with the centre line of the wider openings, 
and to some extent with the line of the action of the prevailing 
wind^ thus oflering the greatest external action to protiuoe over- 
throw. 

The piers of the tower (as hereafter I propose to call the piers 
at the intersection of the nave and transept, immediately under 
the tower and spire,) were portions of the early part of the 
cathedral; and they were oonstructed, as we can now too plainly 
perceive, in the very worst possible manner. They were formed 
of a species of ashlar casing composed mainly of a tertiary shell- 
limestone from the Isle of Wight, with, from here to there, 
ston^ obtained from other quarries; and the interior was filled 
in with concrete, apparently made of chalk-lime mortar, and 
broken stones and flint Now, the Isle of Wight stone itaelf is 
said only to be able to support a crushing weight of from 466 to 
5^1b. per sii|terficial inch, when tised in the direction of the 
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bed; aliboi^gh I am myself ff^r H ' i the correcttiesa erf 

the expenajenta on xvbiuU this .^ .lade. Yet aa the 

sectJoDHl area of tlie ashlar coiiUMg w,i5 not more tbau one 
quarter of thQ whole »rtjft of the piar^ acui the mortar of the 
iaten<^r wt^B so badly, WMiii^ as to a^fifx hardly Any rdfikb^oe-^HEiayt 
nether to acrt ii^ such \rUe a« to tet^d to burft the outer caaingt 
s^nd ^t any i^te to fatigue rather thaD to rMsist tb« aBbli^i^^tb^ 
loader r^tlly 1$, thai tbe piera ihoujd have supported for «o uiAay 
Years, a^ Ihe}" aatualjj have dona, the weight thrown upon them. 
It is <\videiit, indeed, • thut «ome very aerioas eettW- 

in0ot^, mu3t JiAve UlV^ > lu tliese piers, and iu theArche* 

over themi ^t, a tery etiKly pe^iyd in the tu»tory of Ohtcheeier 
Cilthe4ral; for on the, eaat^jrn wall uf the transept it is easy to 
discover that> Mih^h the e^uth-aasteru part of the tnwiBept waa 
buil^i^he hgrixQnkd (x^nrsea ovex the acchoa of the aisle had 
beea. derpf^ged b^i the aubeidei^o^ of the great pter^ and th^t 
they had snak to auch nu extent, in the immediale naighbouis 



hood of th^ piefa as 
edged course to briti 
distinctly -marked aiicit^iii 
have existed in th^ varipUf, 
the catbedrftli all "+^ ^tf- ^ 
tion seems latter! 
no^ inpre;k-ie,l i>f 
whiah d 



U OIL of a ffiathet> 

val line, 8&me 

ijiJi^> jitvevvise be traced to 

.]] titaoding in thi^ pai*tof 

., .vuaate date; but Uttie attesa^ 

paid, to them, beoau^^e they had 

, ..a bqoauba the parts of the piera 

{iirodQced u|.njq them were hidden by 



the WOO! , lifid by the Arviudel fihrioe. On the 

recent demuiiUi^i^ of tlm hvatHjamed acreeeeory detaiU (the stallaaod 
shrine), the dctVctB of the f^wer auppojrte were laid bare* l^rga 
ti^urt^ V e^is^iJLu the piei^, and in the fionth-west 

one it u a large portion ^^ the ^hlar eating had 

actuaJly b<;<r"^wA ^W*-} m^ ilnindel ehri^ej th»iiev>» 

archea hsw) li kit wise b Jractureil, in oonaequeBc& <tf 

the anb-i ' : V .. ^roiu all that I couU obaei^lfr^ Ii 

foel ooD »^Ld«noe had arisen from the <toift|)reB^ 

sion of ' tijij piejc» tUe*naGlv<;!j, aud m>t frooa any 

oompre- 'midf>tion»k A titate of eqnilibri\iui had 

lipwever .n;v.* .*yv,i.javjii; aii<^ *^ -li \% might at any moment 
hare been diiJtiirbad hjul ;. rces l)eeH hri>ught t<t bear 

on t!'- 5' li^tllug^yeb that ^-i.MM>^»-..m miglit in all probability 
hav r>if centurieft if t^e works jbr tlte removal of the 

acK .tails had njOt been, MudertaJkeu* The vibration of 

the steeplo haaf U&ep d]«^t np«n as a cause of the ftdiwne of the 
tower piers tQ|£| much ,greatiuf extent ih:m I tbbk waa justified* 
It i Ian probable that ifci this lOEnent of niptttre 

this thewind may have oan^' vemetitwhiob pro- 

olpitui^ tbi^,£i4l|^ b^t the atetaple had fQivcentiiii^i^Jb*eiki exposed 
to and had resisted the? etfecti lOf g;ales more aevec^t thaii 4t^ end 
whoch Ui considered ta have pirodMced the catrtstmplie w^ so 
much, deplore; and even in the early opting of last year (iSGO^ 
the ' '. ul Utn ' to ,ai gftkeatewlaing'A horieoiifeal 

efl" -aa d"-v I the j^le of Slat February lastu 

The iiruu^autU; cLiumj ui itie Lul of Chicheater ^pire mnot* tbeut 
I think,ibej»oimrht for in the <H>frationailataly carried on for the 
repair of the l^wer pier- , n,. tt 

The vnnaim ipBtaiii prof. -WUiia of the: falli of 



other ,st0eple-R 
some of the 
dfloed UWirA' 
Oathedi 
portion 



- - -. liiah have lately ttjccurred to 

ium'ring T*'ork*of Ihe age^ ftjight have in- 
^ E . d w LUi III e fliainlaiiattcQ t£ Uhicbester 
^^ 4fqi0Bt>4ilf difliurbiiig anyr 
^ 9^ri(^|dl HuidiBSfsd build'' 
I %4 ^ tjtjefopep ! for itiy own party 

re|j . pipre^iipgm} Uil^tr ^tJl^e oommittee of iflaa 

shL^ulJ l^y^e f|dopted| ,44S |ih^ii',,iuUng p«inoipk^>HhatitIbe aoeom* , 
modation in the cathe^lraii^jia, alfipie to be^atlendied to, and thati 
no stru. ' >^'eif^, to ,,be cndefctaiteat" MXhe limited; 

instruct i ho atfehit^^'t tajtuier this arraogement com- 

pel] ' ' ' (vipQf^iry, palliatioiia &M-1 aagr evilir hei 

mi;. 1 d^ , of, f omoNfing , ftb« old rworki^ and 

weiv, ^^1 i-vH, ^ii>^ii^i L.t 4i«<jn ioc,aM«wfWtiagito«tmGasci tli^lbsuBed? 
piers. I'a^h^^r t^a^ at pi^<?« tmdertl|ki||gc^th«ir iitw-oirHt^^ 
Still, w\wu a Uiildiiptf h^>rM^><?(i'««^w»utly,tiBiiiP««d ^£ut^c#ntu^ 
ri^ it ii*,di4iault ,tq ,^fttieAfQ. thf^^ few alight jars, or the nimoirali 
oraomeac*;i^s^?yJitt^iS^^whifth set^m tu^haxft ulilyia»ai|ghfe^iiH' 
neciUoQ idith th^i 4^bsx^ntvd i y ^^mifMO^unfi^^ikttMf he^ i 

aUe, UidiA troy 1 J i a t which h nd J : i- > a|||(«Aid ■•i'dklteolr«nd 

engijiee: ut d-ty who are aecnstomtd to iboild «> 

strongly veu ejt,aggerat*<J etl^jrts^ are loo often itn- ' 

aware of tha ri^ they run iu dealiug wLtLi tlxe works of the medt- 
jjev^l archi^c^,;i^ho Wj^re^.a^ a.genor&L riUe^ veiy ignorant of the 



acieutifie part of their profcesion, so iar at th« nae of hail ding 
omterudfl y09M concemed. The fatal, though easily jtistifiable 
oversight made at C1uchester» seems to have oonsisteiJ in tbe 
belief that the interior of the piers of the tower wa^ able to 
support any notable portion of the su perineum bent wolght whilst 
tho exterior eoattng waa beio^ repnired. From the »tat« of tb«» 
ruins, and the nature of the phenomena which attend*^' 1 th.. f^\\ 
of the steeple, it seems to ms evident, as i aaid b«f( i ?ii^ 

concrete tialing of the piers had been originally exe ith 

chaJk-Iim^ mortar^ badly preporeJ, and placed in contact witli 
materials whiuh ware able to abstract from it ttie water n o t^ - 
sary for the crystallisation of ita hydrate of lime. It it said that 
shortly before the fall of the spire, dry mortar dust, ks workmen, 
would say, poured occasionally from the fissures r thn* jiroYiug 
that the hearting of the piers only oonsisted, in facJt, /if aii Iwp^ 
hereu t mass of dry rubbish, able to flow ov^r it«plf in i ' . , »»!♦ 
of dry sand. It would have been possible to hav t^ J' 

whether or not this had nclunlly been th« case, h. " r^^pnirfl 

had gone U> any great ext^nti simply by burrnt r fumns 

in aevei^ places* in their heigh ta; and muv - : - tfi' 

might have been given to the hearting by ii \i% 

mcirtar through the bore-hc^les themaelvoa^ .. .... ..„.,. .^t u^d* 

been found to be tolerably sound. As it lr»ppen«, any ImtiH 
nieaaure Would have been utterly useiesd; and ^ apeak inff as lno^ 
do from the vantage-ground of «ar jtost facto km^wlSjpj il^lir* 
evident to me that the [iroper otrarseto havv» \ns<*n likei^idil^iMl^ 
it waa discovered tiat **tlie tower piBTs were wcrfte thftd Ibiia^ 
at first appeared,' ' was at once to liare reme'rad tikain, and' b»' 
have rebnilt them in aound ashlar w<nk.^^>^Arfiiriiifrf^ #il# 1l> 
neoQsaary to have needled and centred- tM tnwtft; mi/P iht' n4^ 
jaoontareheSf when the fresh I UMnnsnieatsd^ i^^ 

Notembei^ iast 7i If vifgovocs meaaurea hjv x aJ\* 

it iWouikl hav^ been poBsibla to hiive saved the ateepie ; ' ty 

when **it waa detenuitjed to add centres in all-tMmr< r6 

was still time enough to pr«rvent the fall; in Fcbrn 7is 

too late to do any good, and the buiMing most hn\ n^ 

demnedi even had no gale oeciurred on the Slst of F*3hi i* n y. *' 

The story of ibe repairs of fiayeux Cathedral is fitrikiuglr WkB' 
this story of Ckicheiiter, though ths measures adopte<], .nnd ttm' 
reaulta obtained^ were so different in the two cases. Si.^ttlt*m^nt8' 
had taken place in the masonry of the tower piers of Hmvi-uv 
some renturies ago; recent repaiis and olteratioas in the ^ 
had laid bare the marks of these mofvemeota, and had dl>i' 
the oondition of equilibrium into which the materials of the pifr^ 
had milMided, so that at Bayeux, as at Chichester, the old movo^ 
menta were resumed; the materials forming the piers tbeim^lveo 
begin to yield uuoqually in the section of the pier«r hrtt, at 
Bayeux, the hearting waa acruuder than the exteronl en ri 

was the latter therefore which gave the first snuptoiit e^^ 

diate danger. The arcbitE^cts coneuited in tht^j case tieem ul onc^ 
to have perceived the magnitfide of the threatened evi)| wnd' 
there was a unanimous conviction amongst them that lh« ^fHy * 
course to be adopted was at once to robuiid the piers, Dltfei''0Ai!#9' 
of opinio a^ however, arose as to the manner of effbctf: - '* *" '^^ 
jectv The dioceean architect, and M. Violiet !e l>i IjI? 

that the simplest and cheapest plan was to pull d^ '- 

build tliG tower from itb very fojmdatkwis; others tb 
the ori^rijil structure might be ssiVed by judlritMi 1 

underpinning; and M. Flachat— whom some pr i\t 

mei«ly a railway engineer — had ^ifQcient rnlliir le' 

the public authorities to adopt thpit of^biiMDv J^l. KW'hat theiftf ' 
was employed to execute the work of reconsolidntinrr, ;\n^ ii^ 
sn^3Dt^eded in eftecting it, in the m^muer and imder i rt- 

stauc>ee recorded in the very remarkable book lately ]m, , u-y'^ 

his aaetistautSf M^saral Dion and Laa^'iguei^. Bayeuit CattieiMl ACIfl^ 
8tBiid84 with the orighiat work of its snuarc t«fw«r ailit^ilMMB^ 
lantern tnbai^; and, aooovding to all probability, it^w?l!<mit19il' 
to do so fAT'oenturies to eotae. Bo et!fct<jrntly have' the re^^t* 
repairs hmsv eseaoted, in fact, that if this glorious l^tmct^ii^ tihotiM ' 
agait» heimeiwoel with ruin, we may confidently predict ihht tl» 
tower ^•rilVbi/exempt from the diut^r, and thM •= ^"^'^^ruetttl* 
wiU bid dAfi^cato the tava^s of time, so lor ns th^' 

atone usedvfibp the piltirs ^9 predecOed from the ..i itttHU 

I ibtroduee the latter t^hsetYntlcm des^gn^Mf; mad tthall hbVcr o^* ' 
casion hereasfter to reeiir to it ' . , t,i^ i rr 

M. Flaoh at, in this ease, com menoed his operation H ^r- 

haps 1 ci«aght to say were only commenced aft^r some trt ^ 

works had been attempted by th« loo»l*ftpchftect of tlie oathedml) bj 
fonaixig an artiiidal inoomprewibleili^viudatioo of ooaoret^ vtpim 
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whiob iobnequeDtiy he erected hh ceutres and needles. The cou- 
cre%*i tUelf was aupported oq tweuiy tubes (of wrought-iron, atid 
of' 4 feet iQteruai diameter), subsefiQently filled with cuDcrote, and 
tuuk through the earth in such a mauner aa not to produce anf 
Tibrfttioti under tbe pillant; and raimd these tubes a general plat- 
form of concrete, rather more than 9 feet in total tbickneea^ waa 
inserted between the foundation of the piers. The tubes rate 
about 3 feet into the concrete, aud were carried down to one of 
the atiff blue days of the Idwer oolitio formatioDa, into which 
Ihey penetrated about 2t feet. Upon the o(»ncrete bed, M. flachat 
then erected a double set of fntniea of whole timbers, on either 
aide of the centres origiuahj phhced to support the arch, for the 
purpose of forming the stealing of a set of needles carried upon 
a aeriee of screw-jacke^ and made to anpport the maeonry of the 
8(|tiare part of the tower, a httJe above the vaulting of the nave 
aoi tra.ns€rpt. The tower was carefully hooped with iron-bars, 
k«fddttp whilst they were stiO hot^ ao thai their &b in ka^e actually 
oleeed the mai»onry which had previousty been fissured ortt the 
openings; and before altering the centres to the farm M. Fkcbat 
t&ought reqnitite^ he alao surrounded the springings of the arches 
of the nave with a atrong wrought4rnn cradle, intended to reaiat 
the lateral thrunt The centrpa were then itredgthened and mo- 
dified, «o as to allow the easy Underpinning of the piers; and the 
lateral arches of the ua\'e, ehoir, and transepts, which bad parti- 
cipated in the movements of the piers of the towem, were carefully 
iWOred up. Every iJi^caiition wa» taken to protect the original 
Hioilldtugt ot the vaultings and the aciilptnre of the capital.^ 
QU'lumus, and bates, by inclt>»ing them with rohble maaonry^ 

r'udt which the shorai were otade to act dlracily. tt is to be 
r?ed that the neeiliing was totality independent of the oeutres 
of the great aAt!het\ and wsa designed solely to mipport the weight 
of the towier and ootagoti above the line of vaulting; the arches 
and the spandrel filhtigs weire all that fsofi^j directly npon tire 
oentres thetnaelvts, 

I must refer yOu to the bonk before nietotioiied for the detallsd 
aoeouute of the centres, of the calculations on which they were 
desitjftiedi and Df the precautious observed in placing thenii in 
making go^d the old and the new work, and finally in the 
delicate oi»emtioii of removing the Bcalfokling, centres, and 
needLes, I do this with the more e&rnestneBs, because 1 am 
ooiivir>^d that the archit4tctnmt student wtio might study the 
variottri questions incidentally raieed with respect to the dyn ami- 
dol etlbrib exercised, to the strength of Uie varioua materijds 
employed, and to the mechanical powers brought to bear upon 
the work, would rise fmai such study with a truer view of the 
importance of the scientitic part of his profesaional education 
than would appear to prevail at the present, dayj In fact, and at 
the risk of raising an issue somewhat irrelevant to the ;«ihiect 
before us, I hold tJbat a proper ly-qitaLifi^d architect ought to be a 
soieDtific engineer, and that a goad cngilieer ought to be «qtmily 
a^ifkducialed Hrchitect; or/tn othel's#o«di^ that the moderq diadno- 
tifiin WHweoQ the two branches of our profiMsian is a very tione^ 
oessary one. In works such as the repaira of the piers of the 
towers of Chichester or of Bayeitx cathedrals, the scientific part 
of the afchitecst's dntfto preViiils in importance over the artistic 
part; and I know no hetter zuifhonty upon the subjeot than the 
nook in question. In our owh iMiguiMrv I am not aware tbatatty 
work can be citeii in which the opien^' '^ i tho underpinning 

of » lofty tower have been ao elalxTfii ibcd as they have 

been by Messrs* Dion and Laav'ignrj-^, wuu nave mcxreover had 
tli^ aUvanta^^ of ^ersooaUy suporin^tiding the worln they have 
so well described* ! i 

One very important i^niark reimune tn be maile upon the 
general sulneetof the repiur** ^f I*i4>ldinfls, so neriouslyatfected aa 
wei'o both Hayenx and CI :aibe(irhts4 it'i4 this-^hat 

the cost of the works i^xfou i bladhnt Jor thS luaintenano© 

of the tower and kiatera «iC 'Bs(|reojc was not less thatn 

^72,230 i and U. luUet le Dtte had eaiiniAtad that the 

d«ttK»li|tion aniJ Uii» r«^tMlltlLlUQtton of the siano works oouid have 
befli eflbcted for a 'ConFfidemhly ^^nnUer sum. i ata somewhat 
Boepticfll, X must ><-tiie« of Mi'Vlollei k 

Duc/s estimaie ill > Miaioaut of Mr. SooUfs 

e^t'i "^ r tho rtJ^r^:r^ vl *JlucheH.k:r < itbedr/d tji^mfitrros me in 

ih I, even after nmkiUf^ all poemible allowances for* the 

pncjy oi ifinuurand l ' '■ '\ ' \' '' ' ' !i>oal 

cooditioi^S^ and the f>* i»ga. 

Be this as i«^ '"-^ ■' i^wihga 

strii ct u re o< *^ w ligh t 

of the upper i „, v. ^,...,.^«^. »,.v.^. «„« ..^_,.,^ ..,., atjiii tons; 
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that of the tow€^ at Bayeux was 3?7ft<l lonjT) at a height r 

60 feet from the gromid mtsat havie greatly ext^eeded i 

Candidly, I do iiot believe that previously to the execution of 

the works at liavnitx, or to the fall of l'hich<'^t^r fr^vvcr, nnj 

architect who bati i ■ ■ \ Atid hoii<*ist en^ngli ' 

sooh a work was would have i&verj ' 

^tlJl more firmly ara 1 convinced that U' 

would, in ^nr <!!tininiercial country and v 

hav> ' ■ *sing the futids ftfr cArn 

inti nttJee for th^ rej^ftflt^s of < 

drai wer*- irK'iij i iDwk most sineerely, p^tfH?iIv n- 

fintng thtMr attention to the improvement ahH 

internal fittings, and, for tlie time, in «—=''" 

oonsideratiott of strnctdial defects. 

paHifd I'efiairs actually attempted we;, ^.v ,... 

nately one which revived the inpitious Hdiotts yi 

able in the buiidintr^ and which had reirian 

qtiiesoent for so many years. But the limiti^rf 

pior« must hnve been so uearly* aitainvtl >^'Pkf 

pmdnoed during their reeasing, and the trV 

ockuditions of e^uiHbHum protiace<l by th^ 

and of Uie Arundel sereen, eonld < 

those piers, that a onp *o full might '^^'r 

or, in plaiaer woiids, any gale of wir f/ 

series of isochronous vibi'stiotts in til 

duced the same effect^ and canaed the pu^r^ lo ci Tj^ti nn jor riuirr 

aotioii* I am firmly persufwlMnlao that nO'ai'cbUect 6r^{^'^to^^ 

but oiii? who hsd been pnictlcnlly acquaiuted wTth the wixstchid 

stvle of building aiiopt*^ by the medis-v^ bdiH^r^, aW<i ^'^*^'J^ftJP 

witDeiai«i thf ♦"■i"iv» rif moden^ ' -^^^ -^trnctiii^^ could liaW^ 

smtpsoMM b*f' ; i of Ohiel i the iti\\y awfifl^ )i\^W 

of thv^triMOIi.;, . ,iit? piers on t rr-AU^t^^ Tli^n> Wt« 

hnitilT enough 'ene*rgy idisplaj^ed in t» ^t 

the fill whet) the immlfjeni?o at Ihe ' ni^^ 

aj»pt from th«* regret ' ^ 

tne tosa of thocrijjriiial ^^ 

stead of a mmlem' eopy, it is to my /■ '?» 

in the end^ the peonniiry cost of rebn >^i^ 

now forcedly* be done, would much exceed the coel 
ning and i^ladng the original piera and ari^^eA. W 
optimists ! Ming the extreme doctrine tli 

is Tight, 1 be to ns a sourofe of comfort ' 

atoiil* at ry prodaelMl *o " '' 

iflmnpie leelMtida Ihis^n 

bays of the nave, choir, nnd aisles; ntnh tha fi^' 

the paHriw Intrtksted with the cnr** "^ ^'^' 

bnildiiig could hAndlrQUi^^ adopfied 
one they hnrve actMnfiy^ibHowed. Tl 
the feiirof this spire «honhl hav- 
or limb i«^ I would atld, highly 

works and to the builder employed. '^^ 

Betoi^ doaiog th<?3© remarks, I Would V 'd-^ 

tion to one or two 1 question!* com iH*' 

of the to aterials or, t r *h i c^h^^ter m • r t j e 

oocasioQ of the di>^ belbW' 

th» Justitnte, Mr "i^ft^. 

resiatnuce of the t< 
^ieh had been UH 

tlinf, —i— ,- loadt^i xmriMv^ 

re^i nd of Hbotit 4 

loaUt-i i^ „ direction para) 

porting ft' load of Hm u* 

Thodmpson.nlsn tolcmlam^ ?; n tlji r.t]t>f'rO^?rW' 

inch on the i dross sMirM or'^ 

rather moesliMitty'ov tf" 

Tfaontpson did not iH«^ whetljet^ the breakinff weigh > 

w«ra ih^ in«t^ta««mis or the xiHlmnle br^Kin^ w^ 

stcme; and I mvntioo th(s ^uMAm^kmil^ 

rijiliy srtfteots the value df-*ilWstalbrt!S«%l 

shown that I etouM will 1 ft V 

under londa whiohr • ife* iioi 

weight ! applied inrftaottiu^Miwis irregnianTi*^^ 

textol*^ «f stoaes ans x^y <Ton mi in? 't*r sM^m^ 1 1 

sofisty load they onght Co be m^de to v^in sh<ftild' never api rr^jir^i 

even* the lower limit Mr. Thontptott'Staltid that t^c aloi^'trtd' 

been used bed wi8<s and therelbW'telte we^V^^ .c;\...^t:,.n Tf ^y,^' 

I cannot buts«upect that sotiie error has « i^ 

tions, fori tin «itr that a j^tnne which woui^ „ _„„,i „ uad 
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»i«y3 m ^-i&craoi? to coti "b n^iaiArft} to ,8*it ni jnr* -*ff A^^oJiinAH 
*ralMiM)iVDiiM«<i««iumn^ of 3ai IK Jli 

tbiPiqiiipifmli/JniC^pMij-imaKn Liable precaution bcieti takecu in 
||»fx»^Mn^»^»^kpBat0d ha it waa io baii rubble^ or mtiiar in bad 
OMlcett^ it could not ha^e HOppQited vvmi itsowu sti^u^of tb« 
flnir^iOFiitlittiL7of;;]dI,ibi : LlQiier theas oii3Cumt»UQO«ii Uie outer 
onjil||f(iite^rliijB»A/bDrtiQ.a luad far m cacowieren of Uie 321 tb. 
^doMtt^A b]^. MrurSOhofiipaoni Aod Ih^^ pijm!^%a eouvinc^i i^/s 
|talr|^0(BnLMy IttniU of tha sKell 1 baestoua ti>u»t be high^ tbtm 
tfl^r9lbitt|iKiLi^8«x!pQriin#uta would »p|)eiar at t^rem^Dt to indicate^ 
u'Unfortli iBitilj)n vo db tkit poaf%««s any^ ii' ' ^^ reaiatajooe of 

fili^^HsKj ibiiilding BUitifte i to.cri^hTog > wmut • n c&u b^ cooai- 

dertd kbbtv^iertBetfy«itrutf|^bl»nFu^ I AUtbe 4»Jk^fuijeute reirord^il, 
ojtbepliog^ lQi4'^f«wni9iitif>d^ m'Mr. £. Okt-k^s aoeount of ike 
MjntfiM^abi^krjBridgeiiiteiv. n^de upou small cubes of ai 

tnaBt^i inoliet oit thi! li'rcJo. lioo ht>wevet* tUe Te^LstAnoea 

iw«':ai|i|nilaid?^ KiDdJfieii by th«> juiuts^ mid %\w luWrfto^iiion of 
MoflNiefbttWeil the rbenriirg a nifaoeu ; w hil»t ¥ i<M t's e x p«T i mop to 
tfttoiEisimUr BQiperpoaBd ^abasiBeuti Io indicate that the number 
of isQob i hoi ijnoiiUili joiois toonaidetably iiiudiiltiti the re^i^tiLi^ce of 
^mih nf: t}w ^obeaj : i4|^ft| tilb'eMiiita i uriunl I y quoted of late years 
of the i«ffi.^titDceBtntfuldiitKl)i^ nufleiiiifl bare K^eu abtaijtied by the 
iiseof tbe« ii7^iimiilraipra«,fi«<is«b^r[)^^ which is very likoly to 
IpAt Qatilafitoidf^'&adDirlNlife iudioatbus can nob easily lie watched 
nfttlrlia nauilihury fBqvHind> in iuT€MigTi>ttou« of ihiaiielicata laat^ure. 
Mr. Hodgkin»nD iu hia experamontaofi iron» wood, and tK>ine kiuda 
c^'fitoue, nnd M, FJ/vchatin his ob^ervrntiona upou the resiataocea 
q( ' f u, aud Uaovillo oolites, used a system 

pi as of the wej^jhte to thoae mateHiiT^; 

iuj iJiiUy ^hpre , ia a probability of the weijghta 

hi Iliads to bear uiiQ<]U ally upou the expotsed 

#i; , ugt|jr«Ater thau when the hydraulic presa 

jtj^^i* baud ,iL h tar eaaie^ to apply the load 
im^cutij, ,aiid to, watch it* action during even a 
jp^l, Aftif alli the ipoat v.'iluiible olmen^fttions 
S^;fe^t?^m-^ ,.r V.,:i i:.. , ,.,.., ^.-:,,i - ,.^.. ff,oBo tc) be obtained 
rvaidoii lid failure of actual 

'118, «ut;i* .«^ ^*..i».*v.v.* i ---Jt,*.. .L. ».o 'Traill de I'Art de 

, J [ T wonh! rnfrii' ffi tlie ^election by M. Flachut of the 

A' of his new pieraj and I do bo 

t>e^ I ] t» iii being employed rather exten- 

sively iu Loudon, aud Ijtjcaime I ani conviuced tnut its use would 
he attended witli daugen M. Flachat dioae thi9 atone because it 
yielded more satisfactory resnlt^ under the triide he exposed the 
various loc^d stones to, so far as their resiatauces to cruHhing 
"^A^hfe wbre cptK^rned; but Meeara, Dion and Laavignes ex|>r€ssly 
'di^ti' that the Aubi^y stone yielded easily under the action of 
ft^ ' ':* " i ' ilv. Anyone who may have examined the 
ni I the town of F:dais€^ must also be eouvinced 

that lilt' t'jmitun i;i.-it quoted IB lamentably oon^ct; for the Au- 
h\^f Hhh^ used there has decayed in a fHghtfui manner. I am 
however ):-• ■ -"fl to believe that even when used in the interior 
iiVfci Aubigoy st^nie is exposed ** to take on" a decay 

| W fo## li >Mi4 h» fhe myatenoua decay whi^h we know 

wkiit ?* t h e t ' t worth mar bl es in our own cathedrals ; 

md thongh i nf^a of the piers afc Bayeux is so great 

Us to rtJtnidve any fear of the decay of the touter aurface affeoting 
f1^^ Stability of the stracture. yet I fear that the edges of the 
VfiriouB courses will ultimately cninihle away, like tho«e of the 
Pttrbffcit marble, and prodtroe an unpleasant aeries of horiw>nfcal 
lio^ Iipi6« the piers. li may be centuries before thin efeot ia 
prcKftrc^d^ btrt T tninf^sa that, Knowing what I do of the Aubiguy 
Irt' ^ iH^ in a building destined, I hopC) to 

t:^ for all time/* 

** tniniiy, stnuf- m? seeniB to have been attached by tlie 

^J^ersiooa who w>sr^ with the superiutendettce of the r«oent 

'crt*^rat?ong for tht? ,ty.x,t «^f Chk^hesler Cathedrai to the us© of 
Wile llas'Eit**^itr eianjuDCtion with the stone casing applied to the 
pT^r^ Tn »bi^ rjfiBe I fJii"^ *l<^ use of that cementing material 
vc \ ike — fifa 

Khj ijent hiui 

WDCR,and wouM 
^ all futtjfe ope I 
6lii^^^e^, if 
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leter, It is true, because whatever 
I was a matter of abdoluto iudilfe- 
hftv« prev'entfKl ttta ^U of theeteepin, 
(he same k4md bni^ver, to lie executed 
ha% Wft fn^y le«irn a useful lesson ^ni 
iucheaten Evidently, the rapiility of 
ilbfttln^ And the hardness of the tte% mortar ara the most essential 
conditLO^ia to be required of those materials In works of restora- 



Ufn;.And tkereforf t bol^ thiU'^* new casmg ought to Wvell^M 
l^jb iu PiHTtlaud cexneni| ),atli^r th^n in blue lias lime nior^q^ 
M» Flaclmt us««l krae quantities of Portland cement in setting 
the large iL^hlar bloi^ks ha used in the piers of Bayeux: a/ortion, 
a cemt'ttt oi eqiial energy ^lould have been used in setting tUe 
thin casing applied at Chichestar^ In addition to this oonaid^ 
raiioQ, thei'e la another |j^actical objeatiou to the use of blue liaa 
lime in the south-east of England, in the fact that there are ao 
few masons, or even bricklayers, who kuoir how to use it; and I 
am strongly of opinion, from what I actually witnessed in il^ 
ruins of Chichester CatliMral, that the Jbln^ (iaa lime ttjeri^ 
employed had never beeti properly slacked-^itt ,^y(^^^i^, IfiM 

defioient in many sanif*l^* i iU /^ 

The fall of ChicUestej? Cathedral, and the danger said io 
menaoe the gjoriou* &i^ire of Salisbury, raise one aujj^ular subject 
of discu^jon whtieh may fairly be submitted to this Inatitut^^ 
which boRHlft for one of ite objecta the advancement of the true 
inter^dia of rvroljitectural odi aud, I hold, by implieutiou 

of the piieaerFittion of the b . of aroUitecture. It i- this 

— whetlier it b^not desirabii' luai aume organiaation antiliigous 
to, the one wbi&h prevails amongst our neighbours, for the pre- 
servation of the monuments connected with the history d Qim 
country should be introduced in England. The ci-ntral goverUr 
meut of France csontributeU not less than StS^iKH) out of the 
ifc";i3,tiOU (nearly) ^pont at Bayenx. The repairs of Notre Bame 
ai Paris ^'iil eventually oost the state no less tlian J360^QQO; 
and :\A the ancient buildings of a country are in fiwrta prtioj^i 
of the iuteUi*ctual property of the whole nation alike, it qo^ 
seem to me that their maintenance should not ^ l'X»l or 

casual offorta. Ko doubt, the absorption of the > '^^2^ and 

capitular revenues of tlie French ohurohes by tl*e govern menta 
aubc^uent to 1789 has placed the ecclesiastical adairt of that 
country ou a diderent footing to tlioae of Englaml NeverthelMk 
I cannot conclude without expressing the regret that the att^mn 
now being made to complete the reatoration of a monument ab 
oloaely connected with English history as Chichester Cathedral 
should de{>end for their aucoeas on the results of a public sub* 
scription. At present it would of course bo in vain to expect 
any assistance from the state, and our elforts must be confined to 
asHisting the subscription list. This may be done with the more 
ooutidence that Mr. G. GriJbert Scott has been intrusted with tbe 
execution of the future worka,^ — a &ct which insures that every- 
thing which science, skiO, and taste can bring to bear upon them 
will be ap(>iied. 



In the discussion which followed — 
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Mr. GtLflBRT Scon', B.A^ said, that in oflTeriog some obsert*- 
tii>na on the paper juat read, it was not his intention to go inta 
the history of the gi-adual failure ami catastrophe of the tower ol 
Chichester <Jathedral, but to refer to the rebuilding. Mr. Slatar 
was the architect of the Defin and Chapter; *but, as the pubUc 
ha«l come forward and assiiited the fund bj their subscriptiottS, 
he (Mr. Seott) had been asked to act in the mtoreats of the latter; 
and he and Mr. Slater were acting conjointly in supervising the 
rebuilding. He thought it necessary to mention this circum- 
stance, as whatever had come to hie knowledge of the previotia 
ocoui'reuces luid been picked up accidentally* It was, he thougbt^ 
most iniporiaut^ iuaamuch as the country was studded through* 
out its Itjuglh aud breadth with beautiful specimens of Mediaeval 
architecture, the rosU»ration of some of which might ooesibljj be 
confide to their hands, that as architects they ahould consider 
what were the means which ought to be adoptetl, and wbat 
the considerations to which they ahould give their attention with 
refereoce to the^e buildings. And her© he was bound to saj, that 
Mr* fcilater had been peculiarly unfortunate under the cjrctim- 
stances iu whioh the works at Chichester dihedral had com© 
iuto hi3 hands. If be had been calbd upon by the Dean ft&d 
Chapter U) r^j^Tt on the condition of the cathedral tower^ tbd 
caae would have been quite different^ as under such circumstanob 
his i^tteution would have been devoted to that particular po!fll| 
and he would have takcm steps to avert the cabimity; but hd wis 
not ao callttd upon* He was called in, aud told that be was to make 
a» new arrangement of the seats in the choir, so that more room 
might be given to the worshippers; but he was not to turn hta 
attention to reoonsti-uction, because, as a matter of fact, there 
were no funds for the purpose in the bauds of the Peao and 
Chapter^ A oomniittee was formed to re-arrange the int^ripr as 
a memorial to the late Dean Chantry, and there were no fhnda 
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disposftble for any other purpose. The state of the tower waa 
Olily brought utader notice aecidentally. aud bit by bit, while the 
o^er operations were going on. It njighl be lh«t under ench 
mrcums tan ceil an architect might diacover the mischief, though l>is 
attention bad not been specially called to it; bat if bia instruction a 
wet^ merely to arrange the Seats in the choir, he waa not bound 
by any professional reeponaibiHty to go into the qneetion of re- 
constructing the tower. Thia waa a matter which onght not to 
be lost sight of in consiilerlnpf the degree and nature of the reapon- 
tibility attaching to the architect of Chichester Cathedral. It 
#aa however diacuvered, in the course of the re-arrangements lo 
fp'hich he had referre<l» that aome serious mutilations had been 
cbmmitted in reference to the piers which anpported the tower. 
With reapect to this tower, as compared with that at Barenx, he 
thought that thet ought not to indulge in any invidious com- 
parisons between railway engineers and arehit^^te; becatis© at 
Bayeujc a railway engineer had been miecedsfnl, while at Chi- 
ch^fiter a railway etogineer had alao been caHed in with an Opposite 
effect. Some time ago, a railway engineer was callefl in to adviae 
with Mr. Slater, and he made three reports, and a fourth Bopple* 
mental one; and there was nothing in nny of them to tend to any 
dilferent or more decided course than that which had been adopted 
by Mr. Slater. The la^t report was made nfler th^ latter gentle* 
man liad operated on one of the towers, and it stated that tlie 
work had been done in a most mastei'lv mauaer. At an early 

t'iod in his practice he bad been called upon to in3p«?ct tlie 
tirch of ?t ^fnrv. rii SffttfWrd. He found that alt tlie piers 
were crush i 'h from time to time attempt«t had 

bfeetn made t they had in course of time given 

Jw'ay. After he had made the epeclflcatiou fbr sh«'»ring upj two 
TOindters were sent ih f>r that portion of the work, and foth wwe 
iy/^ry respectable m<m: ' One' was fur £15f)a, and th^ (jrther for 
iSOO, ' He thottnfht that it won Id not be fkif- to bind the person 
irtio named the 1 i to do it for that amonnt, as be felt 

yersmaded thftt ii c be done; so the contractor did otheir 

M ' ' ' V vas paid for the shoring by d»iy-work, 

n ■ 2000, The course which he' (Mr. Scott) 

nt vi'Li ^vnn nirr«'t]rf^ lo St. Mary's, StaffbH, was that whieh 
w:l^ ;:Liierally adopted, except' at Bayeiix. What they did wii« to 
g«i gntdaally round the ^urraec, and insert g(x>H -.+ ^-r.,. ,...«;) xh^y 
flionght they had almosft rebuilt the pier. n at 

liayenr wn^ m, Hie contrary, a ease of perfect ..:..... i^, i -r, as 
ho m^ ' *Ir. SnTrieU; the old work was entirely removed, 

and t!i , rs boift in from the foiindatioDR, At Stafford, 

the first thing they did waa to tie round the tdwer with li*rm 
bands, with screws right and lefl, so as to make them as tight as 
possible. They then dag round the base of the tower, tilling np 
the cavity, gra^^es and all — the If^tter often the cause of much 
' 1 lip the arches, ^oA^ to 

inetinihent weight, they 
' ti> pttt in new 
y hfed (iMished 
V- was bronght lo 
late the danger and 
i_> DUAL r; A I- PI- 1 II L [ ■ 1 ' • ^ 1 ' . J I J '4 ^ii^-iiij-^ ui sufficieii t *' ' *''- "" ' '''^' : 
Lvery work of the Huid on which he had lieeu en 
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Stafford, he pnt in tieei, or chambers of iron or copper, in every 
course, to bind the woHe. At AyksbniTv where 1m undertook a 
somewhat similar operation, he was obliged to recoaatruot the 
foundations; and then he found that, strong as the shoring^ wi% 
it showed signs of giving way. This was, at all events^ to aanit 
extent satierfactory; because it prevented an employer from aajiag 
afterwards that too much mon^ bid been thrown away on timbm 
While eh gaged on the works at Stafford, a tremendous report^ 
like the noise of a cannon, waa heard; and it wm found that qb« 
of the piers had split np from top to bobtbnu At AyleBbury 
they wanted a long shore, and they procured one S ft 6 in. fllqt]%re, 
one of the largest he had ever seen, and yet it was actually betit 
by the eoormons pressnre upon it. With regard toi the recbn- 
struction at Bay eirx, the work was no doubt earried out in tlk^ 
most masterly manner, and the sabject was on« whiob ev«r)r 
architect would do well to strtdy. The arohiteci>al> [Bayeuic had 
not gone round the casing bit bybit^ blit had? fmade« n^w {ban- 
datioDs and new piers; and he (Mri Scott) confessed that bo was 
astonished that such a system of shoring teiliat ased liad proved 
sufficient for the purpose. The proceflsmaliied to haw been, to 
have "needled " it just crv^er the arobet^ aa^ oporatiod which h« 
shouM have thought wemld not have been sufficwBt to bear tho 
weiglit of the tower. Wiien the archfitect had to deal with b1itld^ 
iugs of the Hcale of catliedraH the dithrulties became inersiiaedt 
for timh'^"- "^^'^^ ''*'»^^r "'I '^'' iimiteid sise, and it becante lieotir' 
sary t^*^ >ix. The manner c^'Sllikiog the 

foondati I. r !..._„ a^, or cast^^jron piUars, it^aa^r ha 

thought, a most admirable eontrivjumej ;!l n t . V 

Mr. Pr — ^' -^^rved, that he had v^T'''^T- >->*-- hat 

Mr, Gil • had said so kindly for ! ' to 

Chicho ?rni nil he could say wa ; .; .,i ^..tced 

in a ti] rinn, and thfelt he had endeavoured Ir^ do 

his dui f his ability. Tlir- rvnimiHAion which' he 

lirul n; 111 the t)ean and Cli to pi^ep,'ire plains 

for the i rj nf tho dmir Dti?' for ^triicturil re- 
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the work, V' ^* 
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that subHequeiitJy DOcurred, They were tiot i^necehsdil; bcit 
everythiijj^ that could Ije done was done. He might state thiit 
tin • '* " Sherborne Minat(»r li ■ V * ' ^P 
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spire (or ag fiir as he cbiild reacb) on the Fridaj before it fell, 
and he was unable to deteet the slightest vibradoo; neither had 
he perceived that the swinglng-gialery was ont of the perpen- 
dionlar. Under thesa^ eiroomstanoes, it appeared to him perfectly 
dear that the spire was in a much better ictate than the tower, 
and that it had not yielded at all in proportion to what had gone 
on below. The stone need in the construction of the tower was 
very well known in that part of the country; and on the whole 
he thought it was a good stone. It had been extensively used in 
the oldest portion of the cathedral. It was similiar to that used 
at Winchester, and the abbey on the Isle of Wight. With regard 
to his (Mr. HilPs) own connection with Chichester Oathedral, he 
had reported, as requested, to Mr. Slater; and on that gentleman 
had devolved the responsibility of what had been done. The 
steps which it was proposed to take to avert the catastrophe 
were commenced on the Friday before the tower fell, and they 
were not dissimilar to those so successfully adopted at Bayeux. 
In fact, Mr. Slater had Bayeux in his mind at the time, and did all 
he oould to obtain information of what had been done there. The 
first thing done at Winchester was to "jacket" the piers, in order 
to prevent them from bulging out, and that operation was only 
just commenced when the catastrophe occurrea. A good deal of 
temporary shoring had been put up, but the signal which warned 
them to remove the workmen from the bunding was the cir- 
cumstance that four of the shores began to bend in a very 
mMows manner. One of them oommenced to bend the night 
before the fidl. The^ then tried to strengthen it by bolting it 
and another piece of timber together. Strong planks were used 
for this purpose; but before the second piece could be applied, 
the bend had so much increased (to the extent of a foot nearly), 
that it was found impossible to get the bolt through it. The 
remaining shores (three in number) also bent to the same ex- 
tent, which showed that it would not be safe to go on any 
longer. 

Mr. DiOBT Wtatt said, the description given of the means 
taken to rebuild the piers at Bayeux had saggested to him to in- 
quire into the relative economy of the operation. In that case 
the architect had not availed himself of any of the strength re- 
maining in the structure; but by erecting the peculiar frame- 
work described by Mr. Burnell, had removed all the piers at the 
same time. The operation must, be thought, have been attended 
with very great expense. In this respect he considered that our 
own £nglish mode of proceeding, as illustrated by Mr. Scott at 
Stafford and Nottingham, was creditable to the country, for it 
was a sensible and prudent plan, and by no means wasteful in a 
pecuniary sense. It appeared that the foundations at Bayeux 
cost £2000, and they were, he thought, the best part of the work; 
while the rebuilding of the piers h^ cost £15,000. He thought, 
ftom what they had heard from Mr. Scott and Mr. Hills on tlie 
snbject of shoring, that timber was not a sood material; and he 
fimded that if cast-iron had been used at Bayeux, greater 
economy would have attended the operation. 

Mr. TiTE, M.P., observed that, with reference to his own expe- 
rience, one case only had come within it; and that was the tower 
of a church in Essex, one leg of which had become bad. The 
churchwardens wanted to pull down the whole church; but he 
begged to be allowed to experiment upon it, and was permitted, 
ana succeeded. On that occasion he used 4-inch wrought-iron 
bars instead of timber shores, which he found to answer very 
well, and to take up much less room. 



STEAM HAMMER FOR LIGHT FORCINGS.* 
By Richard Peacock. 
(With an Engraving.) 

Power hammers are almost indispensable for the production of 
sound smith's forgings, and their extensive introduction into the 
smithery has been attended with most valuable results. Their 
application is not of recent date, but the extraordinarv demand 
for forged ironwork for steamboat and railway work, has given 
aa impetus to their use; and their adaptation to the more general 
wants of the smith's shop is marked by great advantage as regards 
both efficiency and exp^tion. 

The Steam Hammer represented is now in use at the author's 
works, Gorton Foundry, Manchester; and is brought under notice 

* From a paper md at the Lutttatton of Medianlcal Snglneen. 



by requeati as an example of a practical and osefol steam hammer 
for light forginn htovy smith's work, stamping, &c. This ham-^ 
mer is worked by hand, and is either single or double acting: that 
is, that it can either be used by steam and allowed to mil by 
gravity alone; or, alter it has been lifted, steam can be used above 
the piston to give increased effect to the blow. Fig. 1 is a vertical 
section of the hammer, and Fig. 2 a side elevation; Fig. 3 is a 
sectional plan through the steam cylinder and valve chest, to a 
laraer scale. 

The steam cylinder A, Fig. 1, is 10 inches diameter, and con- 
structed for a 24-inch stroke. The valve B is cylindrical, turned 
to fit well in the valve chest, but to move easily within it. The 
top end of the valve is made longer on one aide than on the other, 
as shown in Fig. 1, and enlarged to double the size in Figs. 4 ana 
8; and when the valve is in the position shown in the plan. Fig. 7, 
stean is admitted over the piston in the down-stroke, as in Fig. 6; 
but by turning the valve half round by the handle 0, as shown in 
Fig. 3, the additional lap prevents the admission of steam above 
the piston, as in Fig. 10, and allows the hammer to fall by gravity 
alone. Figs. 4 to 6 show the top, middle, and bottom positions 
of the valve when turned for admitting steam above the piston in 
the down-stroke; and Figs. 8 to 10 show the same position when 
the valve is turned half round to exclude the steam from the top of 
the piston. The valve is worked up and down by the hand-lever 
D, Fig. 2; it is open through the centre, and the weight of the 
valve, valve-rod, and hand-lever, is counterbalanced by the spiral 
spring E. To prevent the piston from rising too high in the 
cylinder, a trigger F, Fig. 1, is fixed on the side frame, which, 
when struck by the roller G, on the hammer-block H, lowers the 
valve and allows the steam to escape from beneath the piston. 

The piston is secured to the rod in the usual wav by a cone 
and nut. The bottom end of the rod has a solid head I, seen 
in the section Fig. 11, and in the plan Fi|f. 12, of the hammer- 
block H, to which it is secured; this head is rounded on the top 
and bottom, and is made ^inch less in diameter than the hole in 
the hammer-block, to allow of any twist or vibration, in order to 
prevent the breaking of the piston-rod, which from the oblique 
strains dae to the varied character of the forgings has hitherto 
given great trouble in steam hammers. The weight of the piston, 
piston-rod, and hammei^block, is 12^ cwt or 1400 lb. 



Mr. Henry Maudslat observed, there appeared to be two 
points particularly to be noticed in this hammer: — the simple 
mode ot altering the lap of the valve, by the use of a cylindrical 
valve that could be turned round by hand into any position be- 
tween the two extremes of no lap or full lap; and the ingenious 
mode of attaching the piston-rod ;to the hammer-block, for over- 
coming the difficulty experienced in previous hammers from 
breakage of the piston-rod. 

Mr. Peacock stated that there were now three of the hammers 
at work, all of the size shown in the drawings, one of which had 
been working eight months; the cost was about ^175, exdusive 
of the anviL The valve is worked by hand with the greatest 
ease, being made hollow for the steam to pass through, so that it 
is completely balanced; and having a lap half round the cirenm* 
ferenoe at the top end, it could l^ turned round by hand so^ as 
entirely to prevent the steam entering above the piston, for ^ving 
light finishing blows with the hammer. The chief object in the 
hammer is its simplicity of construction, bv the absence of gear- 
ing for working the valve; it is not likely to get out of order 
while the working is completely controlled by hand. It is fonnd 
particularly serviceable for smith's work where no two blows are 
wanted alike. The length of stroke is varied entirely by the 
hand-lever, which can be done to a great nicety after a little 
practice. 

Mr. F. J. Bramwell had long been convinced that gravity alone 
was not sufficient for working steam hammers, bemuse a ffreat 
part of the effect was lost whenever the height of &11 was dimi- 
nished by having a large mass on the anvu. He had aided in 
devising a steam hammer some years ago, for crushing ore and 
also for forging iron; the falling weight was 30 cwt, but by using 
steam on the top of the piston the force of blow of a large luanmer 
was got out of a small one, with a rapidity of stroke that ooakl 
not be attained bv gravity alone. The piston-rod was made 
very large — half the area of the piston— so that the steam bad 
only the annular area to lift by; and for the down-stroke the 
steam was exhausted from the bottom of the cylinder into the 
top, where it acted upon the whole area of the piston, prodocittg 
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a total elective preaatire correspondiug to half the area. Two 
of these hainmerfl had been put to work at Botherham about 
six years ago, aud continued working there satisfactortly. The 
principal difficulty he had ©xpenenoed was ia attaching the 
piaton-rod to the hammer-blocK, which had been done in the 
nnt hammer with two keys driven in horbontally from each mde, 
and with wood packing to pi-od nee a certain amount of elasticity; 
but the keys got loose with the jarring of the blowa^ and came 
cot To prevent thie they were put in obliquely, inclined down- 
wards, which caused them to remain secure; all elastic packing 
in the hammer-block was abandoned, the keys being driven in 
tight to make a rigid attachment; and this plan snooeeded entirely. 
The connection ot the piaton also to the rod was frequently a dif- 
ficolty, and he thought the best plan was to forge it solid on 
the rml, and make it steam-tight with Ramsbottom's packing 
rings^ ao as to have as light a packing ring as possible. Where a 
steam hammer was required, he doubted whether it was ever 
desirable to work it without any steam on the top; but the valve 
now shown would be veiy useful for altering the degree of lap 
and varying the admission of steam above the piston. 

Mr. E. A. CowPBR observed that the loss of steam in working 
the hammer at a short range with steam above the piston would 
be greatly reduced by the plan mentioned by Mr. Bramwell of 
etdargtng the piston-rod, and umng the snme steam above the 
piston that had previously lifted the hammer: the additional 
work got out of tfie steam in the ilown-alroke was then all gain. 
He believed all steam hammers required steam jackets quite as 
much as the cyliuders of steam engines; for if there were any 
moisture on the surfaces of the cylinder, tt showed that a quan- 
tity of steam was passing through without doing duty, being 
merely condenaed in the cylinder and then evaporated again. 

Mr. Peacock said that the addition of a steam jacket round the 
hammer cylinder is desirable where economy of steam is of im- 
portance. Coshioning is necessary for liftiug the hammer again 
more readily after the blow, and to insure lifting it clear without 
a repetition of the blow. The valve is worked by a boy, accord- 
ing to the smithes directions. As to the mode of attaching the 
piston-rod to the hammer-block, so as to make a gooii and durable 
connection; the h.tmmer-btock being made of wpought-iron, with 
a bore-hole carried right through, in order tx> get the boring bar 
in for boring the npjMjr portion of the block. A hard wood 
packing of oak, teak, or ash was inserted in the bottom of ihe 
mock between two wrought-iron washers, against which the 
bottom of the piston-rod bore with a cheese-head, |-ineii smaller 
in diameter than the hole in the block; above the cheese-head 
was another washer, and then two cutters one on each side of the 
rod, which avoided w^eakening the rod by cutting cotter holes 
through it. The hammer was then put to work, and the cotters 
gradually tightened up; and after a week^s work new cotters 
were put in slightly larger^ so aa to fit tight, which would then 
last for three or four months without auy attention. At the 
bottom of the cylinder an ordinary stuffing box is used: the 
piston IB made with two of Ramsbottom's packing rings, which 
would 1-emain steam-tight for eighteen mouths or more without 
taking out, and he had had a Nasmytb hammer working with 
them for four years. He was now making a 4 ton hammer on 
the same construction, in which the exhaust side of the v*tdve 
would be made longer than the distance between the ports, in order 
to prevent a vacuum being formed above the piston in falling 
when working single-acting, by allowing some of the exhaust 
steam from below the piston to pass into the top of the cylinder. 
He had (never had any cotters broken during eight months' 
work; and the attachment of the piston-rod and hammer- block 
oontinued perfectly fast. The valve is designed as a simple form 
of balanced valve, that can be cast all in one piece, and requires 
only turning up on the outside, without any fitting. For ordinary 
smith's work the hammer is oftener wanted without the steam on 
the top than with it; but in forging work under dies very heavy 
blows are required, and it is a great advantage then to have the 
means of increasing the force of blow with the same hammer. 
By dispeosuig with gearing for working the valve the construction 
is much simplified, and the hammers are found to be handier for 
the men than a Nasmyth 15 cwt, hammer workeil by gearing in the 
Hune shop; the boys who work the valves get quite perfect in 
nuuiagiug them after three or four days* praotioe, and give exactly 
the force of blow the smith directs. There is a roller fixed ou 
the hammer-block, which comes against a trigger connected with 
the valve-rod near the top of the stroke, and shuts otf the steam 
in time to prevent the hammer rising too high. 



Mr. W. Natloh doubted whether the mme accurate adjust- 
ment of the blow could be got in working the valve by hand, as 
when gearing was used: in a rapid play of blows he thought the 
hammer would only just touch the anvil, without giving much 
force of blow, and the valve would have to be reversed some 
time before the piston reached the top of the cylinder, to prevent 
any chance of keeping the steam on too long. He had found the 
great desirability in a forge of having a hammer that con hi he 
worked single or double acting, as required; for when the iiv»n 
was brought under the hammer at a welding heat, it wanted 
light quick biows at first for welding it ti^gether, and then heavy 
blows for working it into shape, which could be done with a 
double-acting hammer at the same heat; and the fewer heats the 
work had to go throngh, the better and quicker it was done. 



2EVIEWS. 

A Rudittientarif Trmiise on the Acaustiea of Public Buildin^it; or^ 
the Principles of the Science of Sound applied to the purposes 
of the Architect and Builder, By T. Eoqek Skith, M.fi-l.B.A. 
— London: John We^le. Itsfil. 

Of all departments of physics, those are perhaps the most 
difficult to elucidate in which very fivmiliar phenomena are to 
be traced to causes not only subtile in nature but diverse in 
operation, and not readily brought tn square with the resulla 
of preconceived theory. There will always be a strong general 
persuasion that facts coming under daily cognisance are of course 
perfectly well understood, and can hardly otfer a rewartl to study. 
At the same time, the few who labour to analyse them are often 
obliged to confess to a variance between logiail deductions and 
actual observations, hard to explain in any other than a conjec- 
tural way. It is thereftu'e scarcely matter of surprise that the 
number of Engliali works on Acoustics is so small: the best 
treatise (that by 6ir John Hei-scbel) having been written more 
than thirty years ago. On the branch of the subject specially 
important to the architect — viz. its practical application in 
buildings, the existing books are no more than can be tnld uflf 
ou the fingers, and anything approaching a complete and exhaus- 
tive treatment of it hi\s hitherto been to seek. The work befotie 
us supplies what has so long been wanting; a clear and oompre- 
hensive handbook for the guidance of those who have to con- 
struct public buildings, showing how to achieve success and 
avoid failure in the vital matter of the hearing qualitii^s of such 
structures. It is satisfactory to find that this task has been 
undertaken by a competent hand. The author is already known 
as having read a paper on Acoustics before the Institute hist De- 
cember,''^ and also one on the same subject before the Architectural 
Association, two years earlior. The book now under notice a[>- 
pears really to exhaust the question as far as it is at present 
understood, besides indicating points not as yet wholly removed 
from the province of conjecture, on which further observation 
and experiment may be expected to throw clearer light. As a 
rudimentary treatise it fully redeems ite promise^ being not only 
a comprehensive but a thoroughly practical and intelligible oom- 
pendium of the lessons derivable from research or experience 
on the acoustic qualities of buildings. 

It will be a comfort perhaps to many purely technical readers 
to learn that the "Science of Aoonstica" is strictly confined to 
one small sepai^ate section of the book; so that, although the 
deeper principles that underlie the subject have evidently been 
present to the mind of the writer throughout the other portions 
of the work, they have been scrupulously kept from apjjeariug 
on the surface. Simplicity and clearness have been thus much 
promoted; but they must be mainly attributed to a more im- 
portant circumstance. While every accessible book of authority or 
value (not in English alone, but in other kngnages) seems to have 
been consulted^ and, -where occasion required, put under coatribn- 
tion^ the results of such study, as well as those of obeervation, have 
manifestly been subjected to the scrutiny of a mature judgment. 
The treatise is consequently, as its plan and manner of hand- 
ling abundantly show, the offspring of original thought; ami 
the oonseqnence is^ that it gives In lucid and available order an 
amount of instruction and information that oould not be pre- 
sented in a mere compilation of double the t^ize. The author has 
not hesitated to avow the leaniuga of his owu mind on some few 
questions which can hardly as yet be said to be settled by general 

* A«port«4 «Nfr, pp. S ft&4 M. 
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coQjieDt Bat he alwuya gives it to be clearlj onderBtood in socK 

om« that tbe matter belDQga to the proviDCe of opiDion. And 

it is not the least of the reooouiiendAtioaa of a practical work on 

what tDuat atill be called a jonug science (and, it is to be boped, 

a growiug one), that it disliaotly d^ineg the vanoua obataoles 

•,..1 „,.. i: .^j^jj ^ souDd, and also d]stingmshes what is known 

s only oonjectui'ed. It thus offers help aud giiidaace 

•'-^ ni forming an Intelligent and independent judg- 

uU of his own personal experience. Such a book 

^due bejond even that of the positive informa- 

oiation conveys. 

Glaur e Jirst section of the work, we find the "Science 

of Aeou8tica'' very satisfactorily treated, although with brevity. 
We may, iu paasiinff, notice what, as far as we are aware, has 
not appeared in an English work befoi'e, and that is, a very lacid 
ejq^lanation (from Pouillet) of the nature of a "sound wave" 
The different kinds of action that take place in the mass of air, 
on the one hand, when it la simply conveying aound, and on the 
' ' ' ' 'comes in itself mfwrotu, are ahio distinctly 

ving remarlcs on the induced vibrations by 
wiijcii vtiUuy uunita are capable of reinforcing sounds excited 
near theni^ are of interest:^ — 

^ "TUia ia true not only of such bodies aa when excited give out a 
distill ct magical note, but of others which cannot be said to have any 

«o>if '' V-W-..1 .»< *> theni3*elvep The^e vibrations, which we roay 

cni' rations, are of great value in reinforcing an original 

»'^tj I I to it a character Ibat it did not n»tarally ponesB, 

jiiid fur Jiuch a purpoBe the second class of Bubstancoa are tlie most 
valuable, and among them, thin pUte? of woad eminently so. 

It is the power of setting' a b-r t wood in vibmtion that 

gives the tone to all stringed iiintru^ it is a matter well uuder- 

S^eod that tbe variations which make otu- vioiin or one ptnno- forte to bo 
to much more VBluable for mueical purposes than another, do not lie at 
allin tho stiingB that are put into dir«6t Vibration by the 'musician^ but 
tn the qualities of the reiafoteing bodiy» whieh those string throw into 

T fl through the air: and, 

re* rggbel observes: 'Justaa 

A ^ u JL3 natural ftwing, will raise 

* u' pendulum, ao the molecules of 
air iiniMQQ Aft any body oapahU of 
t^' tiopj and if a body 
^ rfoj-med in different 
till: Hth thi atrial 
M** y jure in actual 
eonLa.ei, iLio iruJucea virir.vTioim wii! [jt- U]^ inohj vigorous, and they will 
avoo disphiLy *n amouxit of motiYe power out of all proportion with the 

manner," Bays Pouillet. * it is only needful 

b^ •'♦'^s to a large beam of wood^ ami then to 

I tim tMbt* by rubbing it with a wetted doth; at once 

I t^ie beam will pjiter into longitudinal vil)ratioo» 

and an enonuous weight acting by 

required to cause the same changes 

;.,57w result, when put in tins form, ae^mB stifficriently atartlbg; 
yet a moment's refleoti<?n will serve to show that it is quite 
iu aqconJnnce with phyaics. To r?use a pendulum a given dis- 

* ' "^ *" ' ' '* xrpendicular, or to sliorteu a beam of wot^l by 

ii, each involve a cejiaiu amount of ** work/' 

ijeOBumte force. But when the pendulum is 

o beam aJtonji^tely contracting or expanding 

ihf^ .irii.Jiitit of wwrk done duting each com- 

pi" }' nit. It is therefore evident that 

thi ^ heLnomenoQ of the '* rBinforcemesnt of 

9fn he spontauQoufi propagntion of £>t08, or is 

ifi 1 with dy nan iio«. 

t/1 gives a remarkably IncJd accoTmt of the 

(' iiuries^ to sound in buildings which eesen- 

^«' IS ixll that is known on the ^subject. The obataclea 

1 aoder tlie heads of ** decay, AbaorptioD, obstruction, 

jvei rierafion, and echo." In treating of absorption the writer 

t*^ ' • note that although for ooiwemonoewa 'haiM 

A UptL^d to tiimioish tho volume of noimd under 

-^'iuma auio/ynoa, x tUsiiaction will often be perceptible m their efleot 

Mi vsundi Sofibiiitriaoeft deadeu and doetroy its quality, but do net 

. Kun/^K u.rf«f!t Ua *1iHfinctneta; they are theiefore more injurious to 

LswsG spaces of air frequently themsolvt^ 

jiile tbcy impair distinctnrss ma^ yet tmproiro 

tiHb 4|iiali^yti^ sottodf die/ am therefore taore objectionable wWee 



speaking is contempkted than for music, unless the bstromente or tb# 
sia^ be deficient in power; and, although rooms having these defect* 
— like aU rooms bod to bear in— are unpleasant to a apeaker* yet tlw 
unpleasantness is not of the ssme sort* lo tbe firvt^mentiooed csse^ 
i. e. wh»n soft surfaces are in excess, a ssaase of eppresion upoo th^ 
voice^ and a sort of deadness and heaviness are complained of; in Ui» 
•eoond case^ the sonority possasaed by all lafge masses of air ofUm rea* 
ders speaking or stngiag sgreeable, and entices tbe speaker to make an 
unusual effort to M the room^ till aftar a tthort time he bcoomes weaned 
by tbe exertion roquired and the consequent exbaiistioa; while the aoda- 
tors are siso dissatisfied^ because though what they hear is spoken lood 
enough, and is really hearri, it does oot dUUnedy fall on the ear^ hut is 
beard encumbered and confused by secondary aounds that prolong each 
{^liable into the next." 

BeverberatioQ is explained to denote a confusion of sonnd, 
arising either from excessive resonance or from indistinct azut 
incomplete echo. As to the former — 

" In the avoidiuioe of actual reverberation, notwithstanding a near 
approach to it, will lie the great skill of an architect; or» in other words, 
the greater the amount of genuine resonance be can introduce into bis 
building the more agreeable wUl be the effect it will have upon tha 
human voice^ and mutical instruments of aU descriptions," 

Among the fe^itures in rooms that are apt to occasion that un- 
pleasant kind of reverberation that results from indistinct eohoy 
the author mentions "smooth, unbroken, and lofty plastered walla 
and plastered ceilings." In many inataoces — 

" Tho hardness of the surfaces presented by the walls seems to heh> 
to render the rooms noisy, and this is always likely to rscor where han^ 
smooth linings are employed, It is fair to admit that the opinions of 
some of the writers to whom repeated reference has been made, have 
been very decidedly expressed tn favour of the employment of bard sub* 
stacces for the mjiterial^ and smooth plaster for the lining of the walls 
that are to contain an auditory. Laohex and Khoile agree in this view, lA 
which novertlieless it appears impossible to concur with them. Wwe it 
only desirable to obtain the greatest amount of sound possible, or, in 
Other Words, the lontlest noise — regiirdlees of quality or dlstijictness, wo 
no donbt ought always to employ the most perfect of reflectors^ just as we 
line such a rmtm ae s Frerich caff, which we wish to render dazzHagly 
brilliant, with mirrors. If however we desn^ purity of tone, it will be 
better io seek it in the musical tremor of woode«i linings than In the 
oonduction and rattling reverberation of hard fkolisbed surfaces; just aa 
with the same aim as regards light we should, in rooms where quiet 
brightness is desired, replace the mirrors by bright but lustreless 
Uui/jgs of paint or paper, or by light coloured draperies.*' 

The (vtJTiimries to sound which buildings can afford are Mm- 
merated under tlie heads of ne fleet ion, con dnotion, and reeonance, 
and are discuaaed with much aptness of illuetration, and (if we may 
so say) a rare common-seiuie — no mean merit in a work on suoa 
a subject We observe thnt Mr» Smith brin^ forward very 
distinctly tlie imporlaDce of resonance aa an auxiliary not simply 
U^ the intensity but also to the quality of aound. A referenea 
to the rewound in g-vaaea or echeia^ employed by the ancient Greeks 
for the Bake of resonance in their theatres, gives occasion for ^ 
ofsnparvson, which seems happy and probably just, between theif 
symfinthntic action and tl^t of the quiet pipes of an organ, 
which, **even when the luatrument ia not matlo use of, will be 
uf some service to the tone of other musical instruments, or of 
tbe human voice" Iu brief, our author concludea that the 6X* 
pedient of the echeia seem^^ to have been founded upon sound 
principles; an opinion which few will dispute. 

The third ami concluding section, under the title of "Appli- 
cations," gives an able review of dilferent classes of publie 
btiildhi^.^. Illustrated by examples in such a way aa to afford im- 
portant ^^uidance to the architect. The arrangement here adopted 
IS a new one, and an improvemt'tit on the mode of grouping 
followed in the paper read before the Institute to which reference 
has alrendy been made. Secliona and plana on wood are giv^ 
of three hnildiogi^, each excellent of its kind — viz. the Lecture 
Theatie of the ftoyal Institution in Albemarle-atreet^ the Free 
Trade Hnll in Manchester, and the Surrey Music Hall. TBf 
last are valuable as the only complete published set of drawinp 
(we Itelievti) of an admirable but ill fated building. And as A 
melancholy interest now attaches to the record of this noble in- 
stance of skilful aconstic construction^ we cannot fbrbeihr ex- 
tracting it. 

"Tlie Surrey Mustq Hall is a very ' uriplfi of a suocesrful tlidl 

of large size. We have here a light < i, surrounded by tiers of 

r, ^1!- ,1. . .,., .ixjve the other, havint' *• . .^. -^^^f on a series of internal 
h© floor on the level of tho grounds with which it eom- 
' ' ctly by its many doors, just as the gallories open into tbe 

bakonit« that surround them. The poinu of simUarity (with tbe Mau- 
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«lie«tar FrM Tntfi« Haii> «re tiifi general diapowticHi of thfl buiUlm^^ 

lliiuiio th« end ol Ibe hull, tbo Bootiori Af ibe roat, the front of the 
9AII«lM# A)c.t the reoesa fat tho orcUt^tra^ th<i gootl pfOfwrtioiis^ tbr 
NKtiictcd matt o£ air in ibe baildbf, bb» OKrifuL avoidatic^ of eebo, 
tmd tbtt judioitiua empibyroeot of nis(»iiuic» t^ Buppart ibe reice or im^ 

itonxflejita.' ^ - . v'^-1." ^' i.-i " • ■ ■! 

b^V3i#.sge«enil .fiirjii «£ ; tiiu b»U • may bo idetcribed < as an ( eUingaiitd 
oiti^mii . or A ^pftralklogramg with ltl»Tav>odtJ^;onftl ends^ iDtcr wbiob the 
M4b oLthe fitaiif3B«9 fiojcee, «o aa to form tbtiiQi into reooises^ 
',> Tb^re aro i'bree tier* of gaUeriea, supported on light ir»a oolumnff^ and 
Ylritb l^tmlf' of curYbd jMcitotL Tiio cdilin^ ovoi- the oenteral «pao» ii 
of domical section, Ant! thitt over tho ^lleriea tncIFned. ^ /,jl/ 

I The very a tee p r or<fhe>itr,* cuts off a -- of.^j^nt 

l^aco behind tho [ and tb« n»of comes >l in^jn; t)Ut 

in order further to r-.-i mcl iSj?; npn ' 'V pf 

bid well'SC^uaoued wood yv;\a hu»;: ":, It 

f^^btAe^n ai a glance, are w*!l cl. ..; ..;^ ,, u. l _i.i.. ,,, and 

ih^ pi*oportion9 are ttJeo *ob<U The eitremQ lef>^h i« 168 tt. ^ in., the 
^idbh OHi ft. 6ih^, ark) t^ Uaif^bt to the underside of thd rib» of the 
eeilmg-is tbeB4IIM^ i^ iltiit ibe width is to the height aifid to the lei^h 
ns I to 1, and I to *2^. The n*a?n reJianic^ df the architect was, howcveri 
qa, tb^ |i!ia of resonant matemk ' ' .nr^ om|4oy^ fr^^ly- 

Ue*^dei the woodwork of tb^ gall t,ra^ apt^ tho ^ooden 

i^ncjifi^'bQKifdj the whole waDs \^y.:.. ..,.^., ,..,.. i .miii r <^n l>in.«i*i, 
wiih a flpecial iriew to promote rc\ioiTauc(?^ aiui tJi 
pUatrrp'.l, were orirrinriUv intemTi^ri tjy be of wimhT, f 
Th" waa 

9bv. ited, 

mt r.mtitii r,' ..ni m^'T) p, , .! ,ach 

Oyer that nn f i ^ h«ir p^rfc i ! test 

p|lir& 6f tlie l.-.: . ;ls It la/ ^ven pi,>..^,..,,.u: .<;iarlft 

yjiWlcJw li'otttt ot ra-oiicswtjiia, bitM bir itaall, iii the m«- 

^6t^.--- - ' --'■'•=■ ■-' ''^-^ ' -' '■ ■■ ■•;!-' 

^ We are Hot sure tlmt tlie given dt orne doae euoijgh 

£) tlie stated ratio to render the .^i i ,11 coFicliisively iva 

instance of tbe «il«ct of good proportioa iu a, building* But all 
will concur in the juatice of the views expreeaed as U> tliB 
bouiguration and the materials. It furthFr sug^sts itself ns 
highly important (remembering the fate of this ball and of the 
Si, MArtiii'3 HaJl), tlmt where pesonanci* ib iecured bj the free 
eraploymont of inrge snrfacea of thin wood, correspunding care 
■bonlil be bestowed both \\i the provision made against fire, 
and iti aflbrding very ample and speedy meaus of egress for the 
aaditory. 

In couohiaion, we strongly recommend Ibis treatise to oiir 
readers. It is a book Uiai should he iu the hands of every 
architect who does not wish to confine his practice to the con- 
stmcUoii of private or comtuei'cial tmiJdiltgs. It also eontains 
much that should be known adtl nuderatoixl hy many who are 
ttXft architects, especially by those who have any interest in the 
erectif»n of public edifices, sacred or secnlar. Thia is the last 
m order of publieaiion (though tiot nf enmneratitm) of Weale'a 
Hajdimentary Series, of which it thus fnrma the final volume. Mr. 
Weale has loug gince 8tof>d plodded to brin^ forward a Rudi- 
mentary Treat i 96 on AoouiiticSj ^ud we eun now B\K'iik to liia pr«j- 
toise having been roost aatisfcictnrily peribrmed. One or two 
lypographic^al oorrections are needed — especially two In the 
Mftbor's nuti>e as girv'en on the cover — fur which we trust a 
gecoud edition will furuish early opportunity. 



Srtter , Thmnj and Practice t/ i;!hip BuitdJng arid Sleam Sliips 
:"' "' By Andrkw Mfbrat.— Edinburgh: A* arid C. Black. 

'" I have oommeticeU publkUing aa separate treatises 

B important articles in the seventh eflitioo of the 

' I'^ncv Jjuica,* just completed J an4 tl ^^hip 

Buihiij liip»^ hy Mr, Murray, who is uetr 

and i[j:jjtrci jr 'ji ujicliiiiery of the Dockyard at Pun-ni'um, are 
olttie numWr. Bv the iiiloptiou of this pl.in the valuable tre*- 

»;..>< ,..,M.,;,u,.J j>. ,K.- i^-^'^.-inpajOia ar^^ ^.....i ..-..i ...m-k. *,, 

t' V iutereab 

li.v..:^„ ..,._. - ..„..„. ' :,1 -n,.,... ,....,.„ ,.,.,... „;,.^ 

cwtlioess of the whni , the informa- 

tion they pfirticularh- I , , , .ittvi Iv siuall 

f^UDi beoorae posaessed of the |>ortions ot the lin i in 

^ich they tnk^ the moi^t Interest. As the arti tnp 

BuiMlngan \red inonaof tbelaUdy ( 

voluruea, til ii to add to the original 

Mr Murray liU4 tikea ^idv^ojtage of the r^pubiicatiou m llm 

prepieut form t^ lE^troduoe a uoticia of buoU iiaprovemouts as have 

taken place in the interval* 
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A^ithafu!l history of tl l 

illuathited \<^ith nuinei:T>iis wood 
^es and parts of engines that ^^" 



dim 



I't^ldtib'^ tn tho nppliralion of tteam- 

ve 



'*" sitly wrong, — we ftlluda more parUculurly 
lig the nature and laws of motion. The 



improvetneut, the Author ne^it pRue 

priuciple^ of the stcnm enj^iiip, jf^ ^^v ir^ 

tioQS, And the coti 

many %Mneti<*a <.i 

navigation^ to pnijecti ot iLuprovtment in the attam erigiiie. and 

to rules and UibltiB for finding the proper yito portions, Bverv 

branch of th I ' ^ HHelyinr^H^" i ■ " ' r 3 iti- 

ner, for the « y prides lii off 

theshfti"-' i M rjur ii.il opiniortS. - MtHinH;t may iH- tnjm^ 

of the V' with «rhich he has^ entered into these eoua^iB| 

rations b, ,., j.../yber '^^' 'i*^^-^-ition9, of whicli ihere are tti^f^~ 
aeveu lithagraph eiigr ^ I upwards of live uundre*! Vo^ 

CUU. fTliO details cf » n ai.' r iv, n hi intuy lUSt^Ces 

wi th a3 m uch par ticul i i a wi t\g^^ and 

theiUuittriitigtjfiuf the Ii , > lj, of iiben&w 

Holyhead ftteanjers^ and oi oilier steaui-sWps in which inventdVe 
geuius ha* been ejterejsed for th« porfection of ??tmira navi»>titton, 
ahow that the author has brought the work clo^' -fit 

state of knowledsre. The prinetpal -V.ilu*? r>f th sts 

in its practical ill nutratiivufljfiir Che tli ^i^ 

tioua of it will fre<'jU?ut!y not her id, 

iadei'd^ ati exhibition of presumption and doijrtjjitLsui in niiiinj 
parU which tend to give an uivfavourable opmion of the \s:ork; 
and in sorue of the sci^^n title prujclpleH, in which the author 
presumes to differ rather contemptuously from esuUjlishsil 
opit"'-"^' 1... I., 
to 1 

cluii.. r ......; ....d treatise on the 6tearn*enginc was writtau 

by the "Artisan Club" — a body which had never any pxiatence^— 
appears to be abaudoDedi or very ali'^litlv ri^tiim-d \n tln>^ oJt^idn, 
for Mr. Bourne takes the entire he 

vauntingly observes that, ** On h , i no 

r^aaion to he dissatisfied with its general quaiity, ur tlie niai^u^i" 
of its execution." It is somewhat unuaual for an author thus' f.q 
blow his own trumpet. The same spirit pervades the woi^kj ai^4i 
combined with the represenUition that it was the producliuu of a 
non-exiflfcing ^'elub,** tends materially to dHmet frbm bur efitiiia- 
tiou of its merits. i i ' , , ,,i •^ • 

It is scarcely worth while to discUBS thu falkfciea of iom§ 6f 
Mr* Boomers *' scientific priociplei," for it would lead to '^ 
lengthened consid-- '- - f raattflrn that are generally welt and 
oorrectiy uuderst' '» he calls them ** erroneous',*' not^ aTiall 

weisay more of the v..^... , uf the steam-engine, to which esp^dal 
attontion is called in the oi-«face to the third edition, than that 
Jt is characterised coiTecstly by himadf iu thf nr.-ri<-P t^i *]ir. (\ft^ 
one, iu which it ^as stated that the thei eix 

condded to some mathetoatiual afesistsnty, vrm 

specuLitiona the engineer may perhaps discern tiie hand of , 'li 
tyro.'' It is tha practical part of the work in which Hs valoe 
oonaista^ arid it will be found to contain a vtast ftiud of Tifl^ftil' Hi- 
formation in every Biode of applying steam-power, Thf^ folltr#-' 
iog^ deacriptiiKii of an AmeridaU 'loeomotiv^ niki^ ht m*w to ^onie 
of our readers:— . ^ : , 

'*The American locomotives differ considerably in several of their 
featores from Ihoae whtoh are eni^yttd in fthis 04>uiit|yi i llie dbtn^-^^imrt 
of th« engine ui unially supported upon a «iiuill four^ wheeled' tihibb-^r 
bogie. A Urgo ooov it placed araund the chiroitey foe c»tcbtng the- 

^....L. •. i.i.h ^r.. ^.. .rT^. ii.^.,„^..r....».+ «4.-.ro ^<^(j^ i^ |,ar|^^ A sort *»f 

nneyd«Bocti the npk:rku4^mn- 

.iWn off At intervala by S nnMll 

dtior. i'Uei^W l^'yr'Oottt} i8 eov^red with wire-gauae, to iatereepi any 

iparkii wUkk atca^ b«ii^ dnvvti iato ibe ooae. In the IVont of llit «o- 

giue \a au armo^emciit of bars of iron, called a oow^ (Etcher, for throw- 

5^ 
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log aoj objtsci off tb« lioe wbich may happen to be upon it; &od this 
appAratu« &lao acrts likft » anciw^plougbi sUould snow have fftUon oq tha 
Una. Tho dlAgnwrik Im » side devation of & common form or jlmeric&n 
locomotive. A in ii alied or short carriage for protecting the eogiiie* 
driver from the weather B is a bell whieh is rung when the eogine 
approaohee stations. C Ih an inverted cone round the cylinder to catoh 
the aparke from tho furnace, D ia the cow< catcher, E is the truck or 
bogie by which the fore- part of the engine is supported; and F ia a lamp 
to give light by night. The driving-wheels are generally four in nombert 
(ioupled together. They are commonly from 5 ftjet to 5 ft. 6 in. in dia- 
meter, or, when gfreat speed is required, they are 6 feet* and sometimes 
7 feet in diameter; but it is almost the invariable custom to use four 
eioupled- wheels for all apeeds. The coupled- wheels are placed about 
IS iDchee asunder. The hind pair is furotshed with flaogoH, but tlie 
leading driving- wheels are uaually without flanges, aod are commonly 
oyliadrioal instoad of being somiewhat coned. The cylindricai whoels arc 
said to wear much better than the coned^ and to causa less oscillation. 
For working steep incUneSt engines with eight wheels coupled, from 
2 ft, 6 ID* to 2 ft, ^ in. diameter, are employed, The«o wheels are 
uatiallyi of ohllled post;' iron ' It is usual to make the driving- wheets of 
passenger engiuea wi til oant-iron centres and wrought^iroa tir«s, hut 



packed or oiled mjQre titan onoe a month. The boxes are tocuetlmes of 
bell-metai, sometim^^s ol a ooiapotttion of B24 parts of zioc^ and 74 pirta 
of copper, and som^otinies are liaed wiih^ or wholly oomposed of^ soft 
metal. 

To give tomghnesa to the cast-iron wbeeli» they require, after hxviiig 
been eaat in a chill, to be annealed. The whoeli Uio^elbra, to soon tm 
they are Bet» and while yet red-hot, are IraDsferred to pits which b«ve 
been made very hot by anthracite fires. The pits are hcnnettailly 
sealed, to prevent the admission of air, aiiwi afW three days the wbeeb 
are taken out, when the annealing prooess is found to be completed* 
The aooeAling does not alfeot the chill of the tire^ which la half-ao-iDoli 
deepv as the openUton of chilling takes place when the metal seta. It ia 
necessary however^ with these chilled wheels, to be careful not to apply 
the brakes too suddenly, so as to occasion slipping ou the nih, as Um 
frtotion takes out the chill at that spat, and oausea a ^t aoft place t0k 
form on the wheel, which destroys it aitogether. Brake-blocks of oaelk 
iron are used in some oat^es^ and are found to be preferable to wood. 
The brakes are set by winding a chain in connection with them on ait 
upright barrel, having a hand- wheel at the top. In oases of emergeofigr 
ii has been proposed to work the brakes by a friction- wheel, which maj 
he instantly pressed down on the drivings wheel of the enginev A MTd 
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sometimes the tires are of chilled cast-iron, whlelt ^ii Mid<toili»4»ettflt 
fitttkl t»'«nAiM«'til»e^&o«t, - ::i ' ..m.- ..:.'..- 1 -. [ 

- In ibd heavy engines employed in traiiflporting coal ozt the Re^tng 
BiMway, an4 whii^h bum authrfwito coal, there are eight coupled- wheels 
of 48 jnehi^ dii^moter^ and the oyUnders are IR inches diameter and 
2ti t^c'i'** ^^1^^ '^li^ boiler is 46 inches diametor, a^d coutfuns 103 
iron ^ubes^ 2J inohea external diw'*^^ "' ^ ^ 1 feet long. The fumade 
is 7 feet long» and Um bars are c^kn: »nd are made niovable by 

a lover, so that the clijikefc- may be > ^, okcn up. The usb uan ia 

made ^ bontaln ft few Inches of water to prevent the b ing 

burnt out. A good d&iX of coal is said to be #asted in ; IK'S, 

fWmi beitig earned up th^ <?lBmriey by the draught, and a i;,^oed dtiol by 
falling througli the baH of the grtts. Up'jn the whole, anthracite ooeJ 
c^nftot be saMl to have been very lucoessfolly ititrnduoed in AooeniotKecs* 
It is severe upon the furnace, siuJ the ^vaporativs effioa^ Nticbcd doSi 
net appear to be more than 7 lb» of water per pound of ooa}, wjkick Is a 
goetl deal less than is obtained with coke. 

# Tilers are qo bciffers, between the ei^ne asd tender of Amfidqau 
1jm||0ittyes, but a wedge is interposed heteeeu the abuitipg surfaces 
^*l||^ll^te slfockit In ^o various carriages of the train, central buff&ra 
akkllfa are used. The whistle ia larger than that used on the Etigltsh 
lines. UUsa gauges are not found to stand, and four or l^ve gauge- 
oooks are eitiptoy^. The feed-pumps have air-vessels both on the 
drawing and the forcrtig sides. The link*motion ia in nntversal u^. 
The axle-boxes are uaually made etoee, and are supplied with oil, And 
provided with leather washers to keep the oil iu. blices of salt*pork 
have been Utely used for packing.the axle^boxee^ and the result is stated 
to he satisfactory aad mauKaaaaL The boxes do not require te be 



osslSAL (Tis Oil Railways iv roM Vstrittt ^tatea, 

M oarri^Hl along the top of every carriage of the train to a large gong< 
bell placed on the eugmeu This cord is formed in lengths etjual to the 
length of a carriage, ^Dd the pieces are connect' i by means of 

meUl anapa, A amatl shaft ted along the tO[' irriage, with 

square or triangular ends and sockets^ and unlvtrisai jmrttH, wou|d be an 
ecjually simple arrangement. It is not found practically in America 
thiit there is any trouble in connecting the ooi^d to the new carriagea 
when a change in the carriages takes place. 

The Amertcin locomotive carriages are of mUcfa larger dimensiosie 
than those which are employed in this country. The bodies are oaoi- 
monly made about 45 feet long, 94 feet wide, and 7 fsttt high. Hie 
carriages are open from end to end* and at the ends doors art placed, 
opsMig npon platforms proteoted by railings, and establishing a passage 
betwean one carriage and the next adjoiaing* From the pj«tfon|i 
S^rs d^cend, by means of which ptissengera enter or leave tho oar^ 
riagea^i Tho scata o^re ranged pu facii side of a centra] passage^ and the 
bocki of the seats , are mada to turn dtber way. On the roof of the car- 
df^e ventilators are placed, and tltcre is a atove to warm the carriage lit 
winter/ and a auppfy of drinking water. To prevent tho dust from 
rising, a canvas curtain htm been introduced outride the wheela on some 
lines, extending from the carrii^f- floor to the ground, whereby the duat 
is prevented from being sucked up by the motion of Mie train. In other 
cases jete of water projjelled by a centrifugal pump, moved by a friocion- 
roller resting on «t)e of the wheels, have been introduced in an aar 
spi^e on each side of the carriage, through whioh the air is admitted; 
and the air is thua oooled and freed from dust by the same operation. 
The oarriages rest at eaoh end on a truck or bogie wilb four wheels^ 
and the wheels of each bogie are as £ar apart as the distance betweoa 
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Che mils, ta that ilie pUn of sooii & truok formt a »qttKFe. Itidia^ 
rubber tpriiigs buve b^n tried, but tUe reiuK faoa not been tttiafBOtory, 
Biwl pl»te or Tc^ute •fwm^ arc now usually employed. 

In aU the American lo<comotivc«, the internet fliv box is eontiider&blj 
imall^ at thu top than the bottom, ao that the sides are much inoliti«clf 
whereby the Mcafre of the steam from the surface of tbe metal is f&cili* 
tated, and the overheating of tbe plate prevented. The fire-b'ixes are 
almost univeraally of iron. The tubes of the boiler are genoraJly of 
copper — few troa or brass tubes being in use^ exoept that in eugincn 
i»lng> antfaradte coal iron tubes Kre oted to dimmiBh the wear eatisvd 
by the hard pnrtiokeB of cotd carried Dp by the drmjght, and which the 
co|»per {xnnnot no well withftand. The general praportionA of the Ameri- 
can looomoiives do noidiflbrnaaterially from Uioso prevailing in England. 
On tbe wholcf however, the bb»l-pipes require to be smaller and the 
4raoght mora inteMo, for ennnet ^roing wood, to maintasa stiHicient 
vividness of oombustion; and the dinposHioa now is to place the tubei 
farther apart than fonnerly. In some eo^ineB it has been found that an 
tncreasod snpply of steam waH obtained by removing some of th« central 
tubes, and the tubes are never placed ciostsr than thrae foiLrtbs of ap. 
inch apart. 

Tliere is a separate blaafe^ipe from eadi cylmd€(r. and theaa pipes 
t«nninate at abuut tbe level of tht* lowest row of tul>es. SuHpended 
over these pipes, however, ii a pipe called a ''petticoat pipe," about 
8 inchei diameter^ which reaches nearly to tbe base of the cbimmey, and 
this pipe, being gf^nerally made conical, has a petticoat configumtion. 
The object of thin arrangement is to equalise the draught tbrougb the 
different rows of tubes, ne when the blait-pipe li carried up tn the level 
of tbe top row of tubes the gneateat draaght will be through them." 



J^erpttuum Mobik ; or. Be*rch for Selfm^iws Power during tTie 
17th, 18th, an.l ^ ' Hen tttfjefc^^;By jfeiy by Dircks,X\E.«^ 
LondoD: E. nt -poir. ~" -^ \'^^ .^^ j - 

In this volume Mi\ JJircka has collecAd witb great iairfiatTy 
an accouut of the man v futile Bcbemes thit have been coM|qmL 
iQ this aad the two prec^diEg centii ' f ' i »erp3hial 

motion. Like thi© pbilosapher'a at. v:lt*^ tbe 

endeavoiiTfl to discover a^ i>0'petuum mobv ' ^ - 

and waated the meaoB of successive g« 

wbo» not dish ear Meu&d by tbe faiUir«B of l..^ .. ^^ivu^^.^.^.^..i.^, uuJ 
not convinced by tbe arf^niiienta of rai^thematiciaus that sncb a 
thing iB.imposaible, dtill strive^ to seize tbe delusive pBant^>rn 
that ever eludes thtjir gmsp. 

Of the numerous devices described in tliia book man^ arc 
^evidently ridiculona, wbilat others s^ew at first Bight^plau- 
JMid it is some what difficult to point out tbe fallacy of tfin pr:i 
pie on which their inventors relied for success. Of the Intter 
kind is tbe so-called selt-motive wheel of Orfrvreaa, invented in 
1717» and which Continued moving by itself for four months, and 
was then only stopped by order of the Landgrave of He«ee Cnssel, 
r. for fear it should wear itaelf out. Tbe inventor, not bavfug 
^' i^eceived the reward he expected, broke the wheels and died of 
chagrin; and the secret of its construction was never revealed, - 
but it ia supposed to have been made on the plan that hiisj guided 
the construction of numerous subsequent self-raoliv - l i^.^of 
aitempting to overcome tbe counterpoise in the as :• > rt of 

the wheel by throwing tbe weight near the axis. W.... ... done 

by constructing a drum turning on an axis with cnrted intenial 
tadii, inclosiug in each coiupartment either a leaden 'ball or a 
quantity of qmckailver. It must be adpaitted that Br. Hutton'a 
explanation of tbe fallacy of tlua notion ia not Hatbfaotory, and 
he is obliged to resort to tlie negative proof that such a wheel 
has never been made to turn of itself; that of Orflyreua being 
suMpected to have contained dock meobaniaui worked by a itrong 
lotlg-Buataiuiug ijning. 

Mr. Direks, though h^ condemns and ridicules tbe folly of 
ftttempttDg to produce a self- motive machine by the mcfins 
hitherto adopleT, ' ' i h a thing not impossible; for, as 

he obaervea, " ii dof^s not of itself offer an fhci eat 

argtmentagaliiisL uit- ]...-,^juuUy of perpetual -►*''' m^ \-- 
recorded in this volume a vast number of si 
excite pity ftir the men who could throw; aw..^, vi. .. l...... ...ivi 

money in sobemes that are ridicuIou^W impracticable. Among 
tliese we find, more than oooe repeated, an attempt t4L> gain per* 
petual motion by attracting a steel ball by a n > an 

indtned plane, near the top of which there wa» a >ugh 

which the ball wiis to drop n.nd rundown to tbe buttum of tt>e 
indined plane, to be ng:un drawn up. Another plan, fre<fueuUy 
attempte<1, was to turn a wheel by the f!ow of water fr^m a 
cisterttf the tnotioo Of the wheel being applied to work an Arch i- 
M6ddftii «crew, by which the water waa to be raised a^hi t^ the 



elite rti t Some of the invetitors noticed tr«re »o eoafttleul of 
9u<Joeaa, that they thon^ht the only difticulty which presented 
itself was, how to stop the machines when once set in moiioh. 
There neettis to be »omctbtiig veiy fascinating in the ptirsnft Of 
this i<7«f* ffituun. One artiaan whom we knetv/wbo had saved H 
.•r.ri^librable aum» sjxint it al! in making an apparrttu*^ »'^ 1^ 
! by ceutrifugal force; and he adduced tlie autli' 
3j and Maclaurin to prove that it w^mi ctiniitni 
sound principles. He conceived he had been divuK 1 
make known bis plan of perpetual moiaon to man 
men will oontinue to l^raap at the abadow and lose ih« aitbt^tance, 
whatever may be saitl to ex|>ose ttieir folly; bui it will be of tise 
t-o them to oonsult thia volame, whore they' will probably fiiitl 
that their seherot^s have be<?ii trie^i agiiin and again, and h^i^e 
ended in fallnre and rttiii. Itf^ curious coiitents will' be int^rent- 
iog also to the general reader. 

Noi99 ert Scretc FropulHon. By W. M, Walker, Comtn^WiJiBf j'plkW': 
New York: D. Van Noatrand; London: trubner and Co. \t€i? 
Thia work is the republication In a separate form of papers 
which originaUy appeared in the * Atlantic Monthly/ and were 
(it 18 said) very favourably received. It beai-s the marks of iu 
origin in being somewhat di^cnj-sive and fragmentary. The 
writer baa evidtjntly chiefly regarded the progres* of screw pro- 
pulsion in America. He conimeneeB with tbe mention of John 
Stevena, of Hoboken, NeW Jersey, who, ** as early as 1804 engageil 
in experiments to devise 9ome nieaos of driving a veseel through 
the water Byfapplyiug tile tuotive-power at the stem; and with 
a screw propiler and a defective boiler attained for short di»- 
tances a speeid of seven kuota.'* ^ 

i'o thejpfieral reader this coninaeneernent has the effect of 
giving AlfRfoa the credit of being the 0#&t to apply screw pro- 
pulaion bTvessels* We mu ' ' ver include that an officer 
in the U,8. ^Navy iar'l»etter than to mean this, and that 

the simple inleution was tt> jju«t wltji the first application of 
tbe iuVe^^tioU In his own country, dur Tr^Dsathmtic couaine 
have no reason to be disia^sfied w^th tha-award of honour justly 
due to them for their iui^<^t&nt shktiK in developing a discovery 
thfit nwes its romp!ete aiK^ftp-^ te tli* Tal.oura of many auoceeaive 
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the Superb. Pi^ior to thiii date, the simple twj^ 

namesof Pan cton, Watt, Bmmhh, flaniaeyj h^iue ^ _ _ ^ 

may aerve to remind us of the early attention devuted-tojthia. 
method of propulwtm by the ingenious machfni^#-of-:^||flaad 
and France, To "^^ of New Jersey, appeal's however due 

the midiaputed in ing been the first actually to oonstmct 

and work a screw rt<rri.«cr, — a circumstance that entitles his name 
to hcamnmble^eecord, : vj .ii.i n -j ,,,i - .f .im^ 

In I82v5, Samuel Brown, the inventor of iheUae <V««isuintifliyi 
gine^ applied it to w«Tfc a acre w- propeller boat on the TbaMfea, 
earrviifLMhirtv H^rsouM. nnA attaiiiing A ^peodbf 7 nwlWi'perlln^irtn 
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the et>Tr 
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expenmt«taltri|.i- 
tlraae triaU led to i na- 
tion (by the B^Qiries) ^ > 
In the Arob?mefi€s iii 
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"I ;\ it iu[»ai)y^ iiuu lac QanfitJ^U^' 
fdrtiedes, ■ ■> ■'> ,!» m,,- ■ ^.^ ,.. • , i! 
t-w ci Daisied of a sinjlrW thread 4if 
sheet-iron, bent to tit sixteen wr^night*in">n arin«, fi iced e<piidi9* 
tantiyi^und th^ ?»vi*a «'T ^« *-» ^fimi ^ htAj\- ^^^A Iv nt^ ^i' »<ftry 
long Jjitch pi^dii i^A 

vibKitioii ;it tlir 



doBJ^k gj^^ >lDft ap 



The Ericjiiuiii propt Ikr (^ppliiad first to a fmall veawl A 
Francis Ogilen) dt&red entirely frocD the acrew applied, to i^ 
ArehimeikA -<it otanil«d oth otmd wiom eonntoted ta liitt loit 
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by three arms, nn^ffi ^^^e&t the &rmA aluo 

bemg oblique. Tbe Etjr^««q ji n^ not however excite 

much ttttention iu thft^iibmiti^; L Stockton, of the U.S. 

risvjrf Q^ensittr hairia 'fcakuMa ytui ... «... .cstiio itr»ii<l ^^ eonse- 
«ftiBO^ dfi^rw&^JeaiTi^faft'iii^urfefiTeBtnitiJiiinD^' the Oiiiteij St.itoe 
<^mtanftwiientdamBe^tikm)SkiDSt^^ be huiit^and thu^ established 
iha }Mom(ijt ^ontl^od iptmiill^iiu Aitioincii, CaptJ Wnl ker iitatea 
lihn^iLh^ Pii^OBltefMajhQvfatifid >t^ iH4td; luid^ aa be fnstly re- 
iiiarks^ it was a most 8in.i—fiiI.ebEptgiiaaB6'iaiUi» application of 

<'jLlib 1^4diAid^nilMg&nriiwa4 arpf>Ii«d 1^ the French frigate Ia 
Boi(iOBO^ibtifci«ltba^fBeQtlj<AU^ Bid it'll nerew^w rnoil 16 actions of 
itiobecMUQ t^nBR^jbaiioptorl in Henx^ th6 Erie&ftoti propeller. 
JhM fiaatlh vMfcMr ifraaij^irteiilBd and trincl in 18.i6, the patent 
hmviuj^hemitkkt^ oniTtirbimQntiietbefoire Ertcsdcm'a; and it waa 
ih» iore^ .ilmt #ag fiiiat emplaned ia the Archimedeii, The 
TOC5«BB«noiLithe An'eUmiedfefe lied to the canatmctiou of other 
veaaels, and t*> the vuhmble aeriea of efxpoHnieuta undertaken by 
one^fonm rgovteniraenb witH the 'Btrorf and Rittier. The latter 
atAnittedvfk^spei'd of iipoardti of 1:^ miles 1111 boor, with Hennie'a 
ODiiuidal tiaawrdn ncrew, if hich had three blades. Capt Wjdkor 
aiilmlffBi^btri ooTOdf ily to tlie Gritfitha Bcrerw, and altogether oTnita 
MiRldslA^k- fefhtheriDg'^cDaWj and other i uge rilons oontrivaneea 
fMitke lifiDna dbj^l 1 > 

i'^Mbm>.hniixfmtn\ trmik Efngine; of Penn "wtrnld appear to be 
6)CUiU^ ^ ' <>n both Rides of the Atlantic. 

.'Jtrfinyih^^ I y -with Jill the fNondrtioris reftfionably dfemA«tlcMl 

ialtliefnacLLiTtei-y 01 u mMi'-of -wsur. llu^y I'h? vi?ry low, anr) th« fewness and 
dacB^aUlhj of liitifr paa^ lf»4iw« nauWly auytlung' to bo desired ; a lif^hter, 
more compact, or more simple coinhmation has j-et U) be ocmooived." 

>'^^^'*n4riTioh 1^ mftd^rif Rnni^nlpfi f»nd EMei's engines, which 
bllv. I fur their Jightoe33 

e<^ king of the high 

1^ I :j eu^aiics does the writer toncH 

dii ..*. ' " 

''' the lat<T 

«A^ Nvith the 

Aifi' ii-- f:s uiuktrr; these 

Mtii Tlie tteam-valve ia 

a'f«i ! ^. . , , . 1 u-v*We iimn »dju»k- 

A*r«liib worktDg o el tlm bock ct tb» strain- viilve. The boilen are of the 
vertical wntf-r tiibe type, with th^ tubr?: above the funmceft, uad «re iup- 
pjik -f condeooen^ whiafa^ together 

^1; r cylindfen/' ^ 

M.it;;a4)L W.ilker neat give$> ^me details of the advantages of 
heia^ enabdad ti> iifb the iwarw^ instancing the Voyerada, a lina- 
irian aloof;^ vrhyti haying been unable, from an accident, to rake 
befer sore IVy bad her speed reduced t4> 4\ knota; aa soon however 
iii'tiw-liftlnd: apparatus was repairedv aiid the screw raised, her 
Mtel oCBiiiitit* increased to 6i kntita It wns also fonnd that if 
dtfarscreW'^bhideB wene hciiazoatVt). aoaa to c:\usethe fullest amount 
Q(&i1dva^'vi the 8pee4 '^^^UA atill less— ^iis Ii2| or 3 knotii only, 
I^JilLiix^l^ated- ttnt^'a alide ov gnui ahoald be fitted to till out 
tfaif clcildTWOQd^:irhem the screw is. lifted, in otxler to obviate ^ 'grip- 
iogt^Mui^lJbe^ejEparifDent certainly h welt worth niakiug. in 
reViUiilti'tlrlhiaiwe' may remark diat ^Fai] Jday'H feathering-acrew 
mnaiihai'e muckthelel&etnfthadHdn proposed when its bladea 
affa*piaoed parallel rwith ^ht^iiaia of the k»iej. 

iiiilbair ivjtnd rdtuarki rmtbe relative strengths of the English and 
^piheh tiavidEi^lUatAvtlufr pnMJcedi to douaider the question of 
thu speed re^iQibedwiiFTViefuieU e«f \far, p?niij£^rHornowhat clostdy into 
theinelatinoLmeriiBiol' f "' rad and aaxiliHiT-powered ships. 

^Srfihft sU^pB^taiithiu jaiuciv alkould be able easily to 

di»e^t theto3ielh?eajof]yarias, ujpmaats^te Sflfci evpry thin^ that can 
iAt€irfer0 withes tea caitigificnwddra, ira^it^t <7U returning to the nse 
oflsatleithcoohabgo |ttay^4il sfidbdily niTeoiedi in this he is no 
doo^ ^rigb^J rand I wdttlu a k that 1 muoh remains to be done in 
thia 4u)eet^>mMfdt«itiieihi^be8<7 degtei of tSkieQcy will be 
allilitliQli! jAi io 'JiTu /f'llvfr/.J iui,u\'7*' r - ,1 ... . J n, ^.. ,1 .. 

oianiiats^lApep^ltoMiAf^rftettt^^ if part vie, 

on l»>iMki!kfa#dibgaaiol] tflEi4}»ltare)iih(i 1 itiy; 

i> ^tb»i5^ 

U^* A»hiL» tuiit :iE un TnKi 01 III KM Ola iiniier stream iiviy rjin 1200 
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iSnkA}HitaJ at the ipee«l rkf 8 ktif>tjt. ami with the «ane er ratlief^lew '^ 
peiUitiiiwefftiSl; mas distante of imKi mites;** < « ' 

■ph>m the abbvfc it will be seen that in these ** Notes* anxaiary 
ftCiW 'ftteamers an? adrocated Sh preference to fall-powereil 
ot)^, lhon|irh it is confessed that fot certain special ptirpoa^' 
s\wh ns "debarking a rf*fTiinpnt nr twn nf 7nnnvr>? on t!if> shnrfea 
of the AdHatic, or upor . t, 

forcing blnckades, ^c.^ n ! . '>n 

bccasioni' Another useful wiggestion ia thrown out by the author 
iti png?i 40, '**May not ihe coniniaud of a maximum speed df 
13 kn6t« be obtained from the machinery nbw employe*] fdt 
a maximum fef»ee\l of 10 knots?'* The meaus purposed are thir 
nse o( artificial draught to force combustion, and of steam of 
hT^€«r pressure: **the inconvenience of the higher pressui'e "wfth 
■ ' «uld ^tU 1 : • ■ V !i(irt and occasional penod^ 

hich they With on t it^oinjj into hisf 

aisrussjiiti on the sjM i:»u ;ii iaiii'tuir, it muv be laid d " itl' 

almost Self-evident law, that the vessel with the higher I? 

ecpteris paribus^ have a great ad van t.nge over its anta jil 

that in forcing an entrance into a fortified harbonr ti of 

beitjg struck by the bafterifs dimiaishcs as the speed cl .... . ^.el 
increases. It should therefore be an object to obtain the greatest; 
posMible speed out of the same bulk and weight of eogine; and' 
towards this point too much attention cannot be directed. ** 

The concluding nbserviiiions of the book are on a ^&ty \i6!i 
portant subject, and might with ad^Tintige have been more ' Dis- 
tended. Recurring to an earlier page we find the follow iii^ 
passage:— ' ' 

''Tlic ni^e snd lUiend action dl the "British AdtftiraTty. whrch fnTtAreil' 

vXi\* ind made trial of every Imi '• i^ 

gavt -if g<»od perfsi'maace, nnd ] Hi' 

cietiC'V »'J \i\v iixx.'L, pttldut^ no IciS than foui w:*_Ji ui-hLiiiLt, v;ia it-iit-? \J\ ihe^ 

acreWHjngine." 

Whether the result of the action thus commended has beea 
altogether satisfactory, ia perhaps yet open to question; and w« 
feel disposed to agree with the author that, ''having fixed upon 
the proportions . . of propeller, and the plan of engine, cautions 
discrimination should be exercised in ranltiplyiug the types of 
either." It would certainly avoid an enormous amount of diffi- 
culty if certain standard forms of engines suitable to the different 
classes of vessels could be decided upon^ and the several parts 
nwde to guoh specified dimensions that any portion on becoming 
injured could be at once replaced from the nearest depot, or from 
another vessel of eorrespondiug character. To conclude in the 
words of our author — 

^' On the oth«r hjuad, tliis system must not be carried to a Chineiis ex> 
treme, lest wo follow too long a folw* direction, thus losuig the advaatagv 
of improvemqnts couAtantly l^iag made, for such is the chan^ in alb 
things pertaining to maritune war that ntrither model of hull, plan of 
tiugine. nor mould of onJuance is best unless of the latest creation. True, 
pn>grr;iKs wi^l be most judidoualy sought ia not departb^' too ami<Jkmly 
Mvl widely from the established order.*' 



CONTIITONTAL PUBLICATIONS. 

Die Altcfiriat lichen Kinchen, &c. ('The Earlier Christiac|, 
Churches, after the existing remains and ancient descriptioii;|i 
and the Influence of Early Christian Architecture upon i^f{, 
Churches of subsecnient p**riods:* by Dr. Hubach. Carlsruho, folic^ 
This work, the author of which is an honorary and correspcmfJing^ 
member of the Institute of British Architects, is one that will be 
welcome to and valued by the student of early Chi'istian archi-j- 
tcctuiv. It is procurable iu parts, and will be complete ih tebf 
the cost of the whole being about six guineas. The main feature 
of the work is its illustrations, executed in & clear iuteJligib|0, 
style of lithography, — ^geoiuetrical drawing? being in line, anct 
view^ gewerally giveu in a tinted: style. The ampio page# are 
crowded by tlje maiiS of matter collected tog<?thpr; aud few» if any, 
bo^ilteaur churehesi buptisteriea^ ami other very ancient remains* 
of «*rly OhriBtian art will be found to be absent The tables of 
contents of each number give a very convenient aud concise 
acftoant of each laiildiiig illMsttated, fumi«bing i o formation na t6f 
the leading dates of the ditierent portions of its history, antl thiia 
i^^oderiair the plates of use frnm the fimt moment af getti^ 
th^ui., Tbfi letterprosa, which does not seem burdensomie iat 
amount, contains minute observations apon the buildings anijp 
features of buildings illustrated. To the arcbeeological student 
this is a very valuable work, aud it is full of suggeative ezafiiplet 
for the practical architect. The text is iu German, 
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Ihr Stil, &c^ von Gottfried Semper (' Style io the Technical 

and Architectural Arte; or Practical ^'Esthetics: a hftudbook 
for workmen, artiats, and aiiiateiir8\ Frattkfori). Thi« work» al«M> 
in Germau, baa a very ambltioue scopei and the tirat of three 
10 tended volumes is alone before tis, the subject being divided 
into iix sectione. The iirst aectioo, which eu^rossea a whole 
vohimet ia devoted to textile art; the aecond, third, fourth, and 
fifth sections relate reapectively to ceramic art, wocnl-wurk, stone- 
work^ and metal-work, and will be included in the second volume; 
the subject reserved for the cod eluding section and volume being 
architecture. The aim and scope of the whole bm>k ia, to show 
that all the other useful and ornamental arts have exercised a 
traceable tufluence upon architecture, and to point out the nature 
and extent of that iiifluence. Although the volume before us oa 
textile art is in places prolix, anil in otheni fanciful, and perhaps 
illogical, it is full of learning and information. Textile art in all 
periods and all natiousis treated of, and illustrated by engravitigs 
on wood, and by a few plates splendidly executed in coknira. 
Materiaisp modes of execution, dyes^ colours, history, fiestheti;'«, 
archeology, and theory are all bleiiiled, to form a volume of great 
extent and comprehensiveness. The leaning of the writer is 
evideutly more towanla aneieut Classical art than Me^di^vat; and 
perhaps the most interesting illustrations given are those show- 
ing ancient Greek, K^iman, and Pompeian specimens uf coloured 
decoration. The investigation here undertaken of the use of 
carpets and hangings commonly made by the ancients, leads 
further perhaps than the strict limits of a treatise on textile art 
and its uiflueuce on the aiaterarts, especially architecture, seems 
to require, for we are landed in the study of roosjiic paintings 
mui-al decoration, and the like. Those who read German, and 
are interested in the arte^ especially in coloured decoration or 
decorative oonstr«etion» will find this work well worth their 
attention. , 



INSTTTITTION" OF CIVIL ENGINEERS. 

TnE Council have awarded the following premiums for the 
session 1860-61: — 

1. A Telford Medai and a Oounoil Premium of Books, to W. H. Pre^co, 

Amioc. Inat.C.E,, for his paper *'Oil the Maiatenanoe and Dura* 
hility of Submarine Cables in Shallow Waters/' 

2. A Telford Medal, aad the Manby Prwraium in Books, to G. P. Bidder, 

Juar., for hii paper '*(hi the Katicmal Dcfenoei." 

3. A Telford Medal, to Fraucis Fox, M. Inst. C.E,, for his paper **Oii the 

Results of Triak of Varietiea of Iron Permanent Way." 

4. A Council Premium of Boolu, to F. Braitbwaite» M^InaUCE., for 

hi» paper **0n the Rise and Fall of the River Wandlo; its Springa, 

TribotaHea, aad Pollution," 
6, A Council Premium of Bo<iik9, to Georg;e Hurwood. M.lnut.CE*, 

for his Paper '*(>tt the River Orwell and the Port of Ipswich/' 
6. A Council rrcmiam of Books, tii William Hall, Aaeioi?. In^t C.E,, fnr 

hifl paper "On ths Floating Railway at the Forth and Tay Ferries /' 

Hie Council invite oommunicationa for the sesaiou 1861-62 
00 various anbjects, for prem turns. For a limited number of 
papers of distingtiinhed merit, pecuniary awards will be made, 
not exeee^iingin each case 2b guineas, in addition to the honorary 
premiums. The folloi^ing subjects have been selected as those 
upon which, it is hoped, such commnnicatious may be received 
during the ensuing session. But papers on other subjects, if of 
ade<^uate merits will be taken into consideration in the adjudica- 
tion of the pecuniary awards, 

Oa Rcclaimiiits' \ji^i\A fnim Soas vnd KHtuariet* 

Accountfl of ' ateTworki; idio wing the loethods of supply, the 

distribui /iout the strt^ts of townsi aad the gentsral prac- 

ticiU reHuItH, 

On the results of the use of Tubular BoDehi, and of Steam at an in- 
creased pressure, for marine engines, noticing^ particularly the differ- 
enoe in weight and in speed, In proportion to the horse- power aad 
t<nmsg». 

Oft tike Fbrm and Materials for Floating Batteries and Tronpbted ^ipe 
{**FrigQie$ blimd^i*'), and the pointi fequiring atteutiou in thar 
eoostmotion. 

Railway Aoddentay- their causes, and means of prevention; showing the 
. bewring which existing legiilation has upon th«aQ> 
• The oom petition for premiums is not onQdned to membera or 

MBooiaiea of the Inatitutiou^ but is eqnalJy open io all persons, 

whether natives or foreigners. 



CHICHESTER: THE CATHEDRAL AKD OTHER 

ANCIENT BTJILBINGS. 

By Gordon ML Hills. 

Tbx fiiU of the central tower and spire of this cathedral, which 
occurred on the 21at of February last, excites a general interest 
at this time in connection with the archaeology and arehitectnre 
of the city. The calamity was happily not attended with any 
loss of life, but is nevertheless deeply felt as inflicting a grievous 
loss upon ihe whole district and diooese. 

It will nssi^t ua in appreciating the force of the calami^ 
which has fallen wpnn Chichester, to take a general survey oi iU 
architectuml monuments^ we shall then understand how pre^ 
eminent a feature the catheiiral tower and spire formed, con- 
sidered merely as a work of extrnonlinary architectural ami 
archceological iuterest, and how greatly this pre-eminence was 
enhanced when to these motives were added the feelings of con- 
stant familiarity and reverence, and the ever-recurring memoi^ 
of pa at liifilory and association. 

The genera] arrangement of the town as to its form can hav^e 
undergono bnt little change, whether as the Regnum of the 
Romans, the Cisjtaeaester of the second priuco of the south Saxons, 
or the see of the Norman biflhops^ and city of the stem Norman 
Earls of Chichester and Arundel. Inclosed by ancient walb, it 
approaches a circular form, and is interaected by four principal 
streetH, meeting in the centre. From time immemorial it has had 
without the walla the eastern suburb of St. P^mcrasi Bituated 
on tLe iit>man road from LoJidon, which entered the city at that 
part, mtd the western suburban parish of St, Bartholomew. To 
these, in our own days, has been added the northern mibtirb 
of Somers-town. 

Paaaiug by for the present the mutilated cathedrah we are 
arrested in the centre of the city by thestrikiug m.irlcet rn.AH. 
erected at the intersection of the principal street > 
Story, who died in 1602. Cheddar. ^disWr}^, Qia^t 
Mtdmesbury Crosses, though sometningjike i|iii,f« i ry 

inferior to it. Winchester Cross is of another t ipa 

more delicate. The Eleanor funeral cronsesiare 
periotl and more pure in detail, but none are suj * 
general arrangement of the design, in tittiess of purpose, aud ^race 
of outline. Except some mutilatiou consjequeut on the introduce 
tioo of the clock, and the loss of its original Enial^ it ia well 
preserved. 

The parish churches within the city walls are those of St. 
Clave, St. Peter the Less, St Martin, St Andrew, and All Saints, 
which are ancient, and Sub-deanery, otherwise St Peter the 
Great, which is a motlern church in an ancient parish; until this 
church was erected and opened for service in 1860, ibe north 
transept of the cathedral had for ages been appropriated for the 
services of this pariali. The ancient chnrdios are all of the most 
simple pretensions and humble dimensions. St. Pet'>r the Less 
alone is digJiitied with a email tower, and has one aisle to the 
nave. In its present neglected state its superiority to the other 
churches is not so apparent as from these ftsatures it should be. 
The other churches are mere parallelograms in plan, and for the 
sake of accommndation have Veen subject to more or less of atle- 
mtion and restoration. In the meat recent instance, St Otuv^s, 
this has been done with good taste. In Ail Saints a handsome 
east window of tht^e lanceta was iuaerted about fifteen years ago, 
in Uie place of a rude modem one. Traces of work of the twelfth 
centiiry were di«coverable in the building, which led to the adop* 
tion of the style of that century for the new window. The alte- 
rations at the other churches were effected some years earlier in 
astylewhich neithernet?ds nor merits description. AtSt Andrew's, 
however, a mural moQumeut^ to which some interest attaches, was 
preserved and carefully repaired. It cousitta f»f aibu^t, plaeed 
10 an architectural frame of wood and stone, and, from its style, 
ia identified aa the monument recorded in the parish registry tc* 
have been erected to John Cawley,^ who died May 3, Hial, and 
who was the father of William Cawley, one of the rogicidiis. 
Thera was no inscril>tion upou the monumejit at tl*e time €f its 
restoration (]S39-4(>); the present inscription heitat due to those 
who interested thenu^elves in it at that time. 7^he chnrohes of 
the suburban parishes of St Pancras antl ' ■' An» 

both modern, and tjuite uuinter€«ting The .a- 

piml the same sites within a few feet as the ujua.zn n! 
immediately outside of the east and west gates: tin 
destroyed in the siege of the city by the Parliameniai > ^ , .-=, ^i, 
December 1642, St.Paneras was rebuilt m 17S<>, St BaHholomew 
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put ^ olnut^h till 1S27. TliQ modern qhurch 
*" ! ' ' '' Iiil, would ben w- 
^, T r T ,ir-f 'uiplete and more 

pr^^r*?lW^*r^M^**Vl^ uijg unt^tir I, lie tin,iti(>w of the gigantic 

b«?-] iral, whicli t;uvtjrii an area of groiiud 

t^ni, „ c,^.. . he chmcb, it appofira inconceivably 

^dWaTrcd ill i 

''^S*f M^iivV remirkable build iog: it stauda in the 

tio: vq, aud coDaista of a large and Que 

6^»^ viitury, with a naveof grent size utider 

H h t ; with timber ataQdards, w lieu of the ordiuaiy 

^ to r i I ! \ n g ort' the aial es. The chati eel i tae I f ! 8 lar^^*? r 

it, pariah churchtis of tbe city. The aisles 
ued off into cabiua occupied by the alma- 
ftVfcli, iuid f-li ^ left free. These c-ibi us were first so 

■!!?rt^hg^^d iVi I li century. The chancel h feoced olT 

bv ' ' t very early aod interesting workuwinshif*^ 

iSi' uding in date with the acreoo. On© other 

tHiiKitii .vlla deraauda notice — it is now called ihts 

Otkttdti < u uaed a;s a court house. It was the chapel 

''df V. V- V, and a very tine one, of the date of i2X\ 

t^' i. It hn9 five fine lanueta in the eaat end^ 

.... i.v.«i^ but id in a state of depiorablQ dilapida- 

'^'Ticlcide tliiH iioriinn of oui' subject by mentioning 
9& il jiud St. John, to which no nv- 

ffcii uo awarded; and a small and pi'j- 

turesi|ue Koujan Catholic chaj>el. 

"^'^hf (!a^tl<^ of the Normau earls stood within the city wall*, 
^h^' tte; the only mark of it remaiiuug is the mount 

w ifi the bailey of castlefl of thia date, and now to 

w \ near the Franciscan Friary. The ancifut 

w:i arly the entire circuit of the city, and were 

fill teflj three of which were destroyed in 1772-3, 

ittr t gate, in 1783. It ia pretended iu Hay's 

Ttij»uiry liiu i'l '' uthurity, which js luuch greater, atjbrds 

kJiiYe support to i that some of the gates, and even the 

wi^Hs, i^xTiibit lU.,L,^^^ v; ui ktnanahip. I believe however that 
theri^ isojo fouodatioa fpr this sappoaitiou. Dallaway refers to 
Sevrr.iT if^rnnlM which show that extensive repairs and recon- 
fti wall 9 ot;curred after the twelfth centur?. They 

jyi'i . iy much atfected by the defences of the IJoyalists 

m 4t?4;i, as tliey hehl the city only from the ±2ud of November 
tffl tlie ^tilh of DcoBinber. The Parliiuneiitary forces then pro- 
ceeded U) fortify itlio place, and held it during several years. The 
House of Oonimijus, on the 2ud March, 1040, ordered th*? with- 
drawal of the gjirrison and demolition of the fortifications, since 
which the walk have been afiVcted only by measures intended to 
convert them into a promenade. They undoubtedly give to th« 
city :l Ycn«rab)e and agi^eaabte aspect, 

Uupatitvfiy tHu* far bn* discovered only three buildings which 
lay claim to any architectural dignity, we gladly turn therefore 
to the south-w^iit cjuarter, where^ from the earliest ages, the most 
imposing buildhigs of the city have stood. Ti-adition points Ut 
llfmil^art^r »» the habitation of the Homan governor, and is aiip- 
^trtetl by the fref:inent exhumation of Boman pottery (of which 
l:»|ii*iik as iw eyii-witneea), and by the discovery of Eomaii c^ins, 
at", which tlie moai iniportant find was during the works at the 
iteiwiilitiiig Ot the episeoiml palace, in the early part of the List 
oentury. The Kornau level of the i^round appears to he about 
dj'fi^t below the cathedral floor » Tradition also places here the 
rpfaideoee of tb^ Baxon prince Cisaa, and 1 believe some one hiu* 
beed bold eochigh to guesa at the situation of a temple of Thor, 
or Jupiter, in Ihie part. When Willjftm the Conqueror tranH- 
ferred tlie eee of Selaey to this city, it is certain that the bLshop 
had the grant of thift quai-ter for tlje purposes of the cathedntl 
eatablishinjent. Stigiitid, tiie Inst bistkop of Selaey, took the title 
<lf' ©liffioflp^ of Chichewt^^r in 1082, The times were however too 
troublous to permit either him or his successor to carry bnihl- 
ing plana into eifetn, and it i>'a8not till the commeucemeiit of the 
leigu of Henry 1. that Kalph, the third Bishop of Chichester, 
H'jtti Mti l>} lilakt^»^|y ini|>ti«t,int progress in thta reHpect, 

Uiuoenud couuLenanoe of Henry I., Bishop Ralph 
V ! loct'od r?»T»fdh% and in 11U8 completed his cathe- 

Q' supposed that Uiis buthiing wx^ 

tv i> ne ground whatever for fioch a 

ihRjuu, U\vund tLe tiiot recorded tlmt it was burut in 1114, by 
wilidi If e^ire to uiiderstaud the destruction of the roofs and ^larts 
uaually conaUueted of febtnbuatible i^iate^ial. Itiilph^aet hf*m|l^y[ 



ta movk^to rtfxiir the- ^liasfter^ und had i o o omp l i ahtd this befere 
hlad^th) which ecourred in lliS. To what extent the Nomim 
portions of tlie cathedmi me now ue^ belong to the work of 1 100 
to UOtf, it ia diSicalt to say. The final destruction of the Kor- 
mau piers under the towe)» hfts proved that parte ot a prerioini 
structure were built int/> tbem^ even froro their very base, and 
it may therefore be 8Upf>o»eti that in tliis part at least, the 
ilestructiun of the first ontljetiriil was very complete. Whee 
finished in 1123, the cathedral had two western towers, a nave tsf 
eight bays, traueepte and ohoir, aiid a low oeutral tower, carried 
on four lofty archei^ measuring nearly 60 feet high to the erowtt. 
The nave had oa aisle on ench side, as also the choir, and the 
latter terminated at the east end with an apse: there waaa 
plain triforinm and clerestory. Ejicept the ajjse and the eentral 
parte involved in the calamity nf Fel>rttary last, all these ibatum 
may yet be seen. The etuitern apee of the Nortuun cathednd 
has long been recntruiHed beyond dispute^ the commencement of 
the curving wall gtill exiHlinjUf on the nutaide of the chuivh, with 
various indioMlionB that the present straight sides at tlte east 
end wero a sul*Hei{ii(*nt work. During the kte alterations in the 
choir, part» of the foundations of the inner curve of the a;)se 
have iiUo been exposed. Thus we see that the high altar of 
Binhop Kalph'a c^ithedral stoo*! juni on the spot the altar, has oe- 
cupied dctwn to our own day, and therefore we onn etude that thm 
imdn dimensions of the oithedral have never changed. About 
1180 the cathedrnh and nlmoiit the whole city, sufi'ered f rem •» 
deatrnctive fire. Sefffid IL, bishop of the time, vigorously pro* 
ceeded Unrepair the damaged church, and in 1 199 it wasre-^oosa^ 
crated with a pie n did ceremony. He also built a palace for th# 
bishop, cloi8ters for the church, and houses for the clergy. Of 
his palace, the only remaius are the domestic chapel, a charaniitg 
%vork, which however underwent some alteration about a oeniuty 
after. Hia cli>i>iiers da not exist, but some parts of the booMV 
aud offieea still stretch along the soiUh side of the cathedral pro^ 
ci not towards Eimt-^treet. These buildings are interesting, though 
much defriced and mutiliited, aud used now for schools aud ware*- 
houses. Setfrid's work iu the catheiirid can be traced with com- 
plete accnnicy. The trifurium remaina nearly as Bishop Halph 
left it, but it appears that the burning roof so injured the interior 
of the walls at the top, and the bunving timbers when they fell 
so destroyed the stonework near llie fioor« that it was found ne- 
cessary to reface with new stone the whole of the clei^estory on 
the inside, ami also the nave arches. He adapted the light 
luouMinga and graceful forma of the Early Engliah alyle, then in 
vogue, with great skill, to the Norman forms of llalph'a wcvrk^ 
and proftiaely introduced marble oolumna. He also determined to 
add a vaulting throuf^hout the building, and for thia pui7io«ia 
threw some ma.s.sive flying buttresses againat the Normau clere- 
story outside, which otherwise he left with all ita external Normaa 
feattirea, and inside he carried up slender vaulting shafts from the 
floor, with mjirble bases, capitals, and bauds. It h^is been sug* 
gested, 1 know not why, that the vaulting itself w^ns not dou« in 
hU time. I see no reiisou to doubt that the work wua fi>l lowed 
up couaecutively to its completion. It waa certiiinlv alao part of 
his plan to abolish the apse, and add the beautiful retro-choir 
which we now see. It is rhe mo^jt graceful and dmrmiug piece 
of work in the whole building, and may indeed challenge com^ 
parisfjn with anything of the period to be found in the king- 
dom. In execution it must have followed shortly on the 
reat of the work. He appears also to have cmjtempl;«te<l the 
erection of a lady-clmpel. I do not concur with those who di^ 
cover indicationa of a Norman hidy-chapel in the present one; it 
was most unusual to find one in this position at that time. To 
Setfrid's work V>elongs the upper part of the south-west towop, 
Seftrid's immediate sacceasora continued his designs. In the- 
reign of King John license waa hiid to bring marble from Fmrr- 
heck, this waa between 119S and 1207, and very possibly the mmr 
tcrial was intended for the retro-choir — where we now see thai 
be*iutiftil but treacheroua material so exteuskvely used, 

Balph Neville, bishop froto 1222 to l:i^4, and Chanoelloar ef 
England, temp. Henry IIL, buiit a chapel or oratory in th© cntbe- 
dral, and bequeathed 130 marks to ihv cbnrch. There can hav* 
been no I'esijlta in the worka from SelTrid's time to the death of 
JLilph Neville. The additional ch-tisels 'which we now call aislse) 
on both aides of the nave, must ! < added, though not ell 

at once. Neville^ij chapel may 1' ^ one of those on thm- 

north aide, which are rather later than ilte olhers. O^val with 
this period, too, I must place the centitil tower» with which nom 
BalpVs Nprnmu piem were joaded| and from, thia .time we mtial 
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date the eammeDfemenCof thmnnn/aHMn^lHutt^^ inrpbeftion 
of a iveight tbey wore nob origtiiiftlly Jciriyu ii m^rrf: I cdn- 
^eive, ioo« that the projector of the towerkliiMdi^i apire in his 
dealgDA from the first idome&tw The architect detertDttied Doi 
to truat to thd four great NorAiati arehea, bnt add«d immediately 
above them very deep and stroog pointed archea; oia tire aotrth 
aide tiiis dischargiag arch had a perfectlr clear BpAde between jt 
and the Norma a ;ir<jh, and ou the other thheo aides the Norrtiau 
arcbea were nearly aa completely relieved frain all weijtht. Thia 
of oourae did not affect the pi«iii or legS) which at ill had to ^^'Mfjr 
any additional weight which might be placed above the relievUv 
arcbea. i confidently believe that the apire itself wae conamenc^ 
before the death of Bishop Novilte, The moulding on the angles 
iiannot, I think, have ori^nated htter, but it ia also highly pro- 
Inbie that a aettleinent in tho old Norman pitira warned the 
Bft^hitect to deiiat. A settlement which occurred at a vrry early 
age waa distinctly marked in the janetion of the aouth transept 
with the tower piera, and there were evidences of an attempt 
aU9 Mode in reniote times to readjust the work to a level IlDe, 
AAd tlieo of a further aettlement afler the adjustment. 

The neit work in course of time was the lady-diapel, erected 
by Biftbrtp Oilbert de 8t. L«ofard, about 1290. It ejthibits a very 
marked advance into the Geometrical or Early Decorated peHoa. 
It ia vaulted tliroughout, and though, under the n«e to which it 
ia now applied— via. as a cathedral library, its beauty is mnch 
oonoealed, it ia iu a good atiite of preservation, and la a pleasiug 
specimen of architecture. The windows are peculiar, and lose 
aomewhat in elfect from the smallneas and multitude of the 
moulditjgB. 

John de Langton, who became bishop In 1305, and sat till 1336, 
muniliceiitly added to the architectural attractioua of the cathedral- 
Tho only work of his which cnn be strictly idea ti tied is the spleudid 
window inserted in the old Nurmati wall iu the end of the south 
transept. The chapter-htmse which he built is not now in exist* 
enco, and the detached belfry-lower is wrongly attributed to him. 
It ia impossible to regard the four-centred arch and so ua re-headed 
door of the detached tower, and its purely Perpeadicular wiutlows^ 
without Beeiug that it is impossible to ascribe them to the same 
period aa Langtou't* window, the flowing tracery of which agrees 
perfectly with the date assigned to it iu the records. 

I have suggested that the constraetion of the spire was arrest^ 
in the thirteenth century. The architectural evideuce^which I 
have frequently had occiision to examino personally — shows a 
loug respite in the work above the central tower, aud, indeed, a 
gtneral respite for some tiine after Biibihop Langton*a death. The 
Oftthedral, minus its spire, was an imposing and nearly perfect 
adifice, and there were no pressing wanta of accommodation to 
ntiafy. 
n . (To he concluded i% o»r n€.et.) 



THE SHEARING STRAINS OF DEFLECTED GIRDERS* 
, By HoacERSHAM Cox, M.A. 

Or late years, the shearing ntrains of deflected girders, that id, 
tli^ strains whtch result from the ter»dency of the particles of the 
htBtLttk to slirle on the surface of each other, have received much 
attention. The object of this note is not to add anything to the 
mathematicad theory of the subject, but to point out a simple 
ca»^ in which, with little aid from mathematics, the important 
e^9eU of the tangential or shearing strength of beams are 
•trikingly shown. 

The ordinary theory of beams does not take into account the 
tangential disphicemeut of particles, but supposes that those 
particles which are opposite to each other before deflection re- 
mdn opposite aft^r deflection, and that the only displacements 
ara normal compressions and extensions. This assumption, 
though not absolutely correct, is sufEeiently so where the trans- 
verse dimensions of the deflected beam are small compared with 
ite lifigth. In such eases, the taugeniial elastic forces of the 
mAterial are generally sufficient to jrrevent any considerable tan- 
genital displaoement. But the eftect of those forces may be 
nadily seen by the effect on the statical strength of a beam 
which would result from removing, arlifieially, part of them. 

Suppose a horizontal straight beam, of whiVh the s^f^ion ia 
tvOftLOCular, to be actually divl' ' ' ' y a 

MJIBTO sectfou parallel to itit n fjcn 

tilt two pkrti of the beam remaimnf^ ui ronin/T ro he loiio 'ttxl aa 
in the diagram by a force t>t forcea pcrpendScttlair to the sdr^o6 



ot^ part oC the beam wili dot altar 

n 1 1 i III ? r7Vr?tfT4^tPn'*'f 



<yf the f)«iim,- «o% m'^litAAmM0^^^^^^^^ 
from the fulcra A itd ] ' liagrani rejiresutits a section of 
the beam in the plane oj ; ; n: Tlic JetkctiuL' fundus uct oti 
the ooocare mirface of the bei^mr "tlj gf 

"' m '■ ■ ^ ' '■ '. '- --'^e 

straight line witii *:c4 the 

Hf?(*fioti of tlie ct\i\ ufthe 

id4 be 

but ^ 
rface of 
divideil 
vUl 'be 



This may bo sec^ T,^ 

ifilv JTi tlit^ rriNt" where 



sh*»wn in the diagram ate The neutral Mn^ '^^ 

tibt^ and that of aik/nre b.- ^>^^hf ^or they are Ipoth 

equal to the length of the beam betorii dt^^ection. But the forjuer 
neutral line is tlie arc of a circle of a radius larger ^Jio^^he 
raiiins of the circle of which the lattev nentral line is mi arc^ nud 
therefore, «inee the two area are equal In I«tigth| ^]ii have,^^eqt^al 
radii, the former subtends a smull i ' than the latter;. 

In order to estimate the loss o\' i*!^th of the bea^ qon- 

sequent on the division along bt\ n\y a single deflectii^g 

pressure P to net perpendicularl; te joining A antj B, the 

two points of suppo^t^, and njidwaj i '' -ru. Let, ,r be the 

distance from E measured parallel to ; Itt line AD of ?>ay 

point in the ne otral line of ih i^ 1 >p.i 1 1 1 ^/,' \i be tb e nidiufi, of 

curvatureof the neutral lint- mgdtii us of elas- 

ticity of the material; I the ] fUie irxLiLiizu^r 

section of the beam abe^ abou t an axis th rgugb it- 1 1/ 

perpendicular tu the plane of de^eotion. 3y tli ry 

— is equal to the momeut about *llie hint . ge^ 

acting upon the part of the beam between the point in qrtesftloii 

and the nearest end of the beami Th^*'-^--- --^ ♦^^ i^rea^dre 

of one of the Hbutments, and the pi ^ i vening 

part of tlie surface of the other beaiu vd..,. l . ..i . .t fhe 

momeut of the httter, and ARrthf mOftieAt bf the of 

the abutment. Then ".-:;. '^ 
vr ,1,(1 iirrt' I 'I. 

Fur the beam cdh/, taking moi^itftfiM iiboat imaxiiltlmiufktlM 

point of its neutral lino wlmU it^a in tUtriraidliiftii^ iv&lMao 

where M h the same momeut sl^ hnnirc*, .,^1 i»v the 

positive sign, and R' is the n4iu . r»# 

cdhf. Now owing to the contaci ij- 

beiug subject to no compression \u tiit ds 

to their surfaces it may easily be jcen i ich 

R and R' are the radii tliu neutral iit^tti lm*»« ** cuUiUiuu tsefttiw 
of curvature, and tliat cousetpjeutly H mid II' diJier m -length 
only by tho part of R between the two weutml Hues. Tkis ditle* 
rence is inconsiderable compared with Ji We tWtfonfi: have 
approximately (addii^ the .two fnec^^ing «<|iiaUtii^>> 

If the beam wefrenbt'tt/viLlinl into tu u^ 

supposed, we shotild ha ^, 

If 
*\ 

where i ia tia .-, >*i.^ .mv. ...^ ..i .». .,^i,^,~ , tfi# 

undivided U^nv and r the radin of cutwvtm^ : .r 

from B, Now liie vection beiug reqbiitij^uluv df 

inertia variea aa the oiftba of l^fi disiauoelK ui 

ooncave aurfJMseit ThU dJaL'\niX' is twitti . ► r ij 

f^pi: - ,. itLfoiltrwlhai'**! 

dtfleeii6to pr<>mic*d by Twill be Tour times as great when th« 
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beam in UDdivided as when tbe beam is divided. Assuming the 
ultimate etreogtb of a beam to be proportional to the t» omen t of 
inertia of its transverse aection^ it foUowi also tliat the breaking 
weight at the centre of the undivided beam la four times that at 
the centre of the divided beam. In other words, the ^ect of 
dividing Uie beam in the manner mentioned i# to reduce itM ttrength 
and rigidity ta one-fourth of its original strength and rigidity. 



BBITISH ASSOCIATION FOB THE ADVANCEME?rr 
OF SCIENCE. 

The Thirty-first Meeting of the British Association for the 
Ailvauceinent of Science will commence in Manchester on Wed- 
nesday^ the 4th of Sepleniber, 1861, under the presidency of 
William Fairbairn, Esq., LL.D,, F.RS. The General Committee 
will meet on Wednesday, the 4th of Se|)tember, at 1 p.m., for 
the election of sectional officers, and the despatch of business 
usually brought before that body. On this occasion there will be 
presented the report of the Council, embodying their proceedings 
during the past year. The General Committee wilt meet afterwards 
by adjournment. The first general meeting will be held on Wed- 
nesday, the 4th of September, at 8 p*m., wben the President will 
deliver an address; the concluding meeting on Wednesday, the 
lith of September, at 3 p.m., when the Association will be 
adjourned to its next place of meeting. At two evening meet- 
ings, which will take place at 8 p.m., discourses on certain 
branches of science will be delivered. There will also be other 
evening meetings, at which opportunity will be afforded for 
general conversation among the members. 

The Committees of Sections will meet daily, from Thursday, 
the 5th of September, to Wednesday, the lith of September, in- 
clusive, at 10 a.m. precisely. The Sections will meet daily, from 
Thursday, the 6tb of September, to Taesday, the 10th of Sep- 
tember, inclusive, at 11 a.m. precisely. The following are the 
titles of the Sections to which communications may be pre- 
aentod: — 
Seotioo A, Mathematics and Physics. 

,, B, Chemistry and Mineralogy, including their applications to 
Agriculture and the Arts. 

,, C, (ieology. 

,, D, Zoology and Botany, itidudiDg Physiology, Sab-sectiou D. 

,, E, Geography and Ethnology. 

ft Ft Ecc'Domic Science aod btatistJos. 

^, Gy MeobanicaJ Scienoe. 
Notices of communications intended to be read to the Associ- 
elation, accompanied by a statement whether the author will be 
present or not at the meeting, may be addressed to Prof. Phillips, 
M.A., LL.D., F.R.S., Assistant- General Secretary, University 
Museum, Oxford; or to K D. Darbishire, Esq., B,A., F.G.S., Alfi*ed 
Neild, Esq., Arthur Ran some, Esq., M.A,, and Prof. Roscoe, BA., 
Local Secretaries, Manchester, 

Gentlemen desirous of attending the meeting will find in the 
reception-room (The Portico, in Mosley-street) blank Forms of 
Proposal, and may make their choice of being proposed as Life 
Members, paying ^10 as a composition; or Annual Subscribers, 
paying £l amiuaily and an ad mission -fee of £i (making together 
£i on admission); or Associates fur the Meeting, paying £1. 
Ladies may obtain tickets, throogh the application of a member, 
in the reception-room, price £1 each ticket. These tickeu are 
transferable to other ladies only. 



French Induitriai Exhibitions. — Fomr Fi-ench local exhibitions 
are to be held this year at ChalonS'Sur-Marne, Metz, Nantes, 
and Marseilles. An endeavour is also making in Paris to get 
the government to consent to the establishment of a permanent 
nniversal exhibition of commercial products. It is thought that 
by thus offering to purchasers from ail countries tbe most com- 
plete and excellent collection of specimens and products for 
oomparisoo, trade may be stimulated and business be drawn to 
Frftuoe. Fixed prices attached, extensive publicity, simple and 
wive regulations, and great economy in the management, are held 
out as inducements to exhibitors. 

New Hotel si Ascot. — This new building will inclose a space of 
two acres, forming a square, three sides ofwhich will be occupied 
by stables. There will be stabling for one hundred hoi^see, and 
accommodation for fifty trainers. Mr. J. E. Clark, of Newmarket, 
is architect and secretary to the company. 



7^ Neio Vaughan Library^ Harroft, — ^The foundation-stone of 
a new and important edifice, in connection with the Harrow 
School, was laid, on the 4th ult^ by Viscount Palmerston, him- 
self an old Harrovian. The site is immediately facing the en- 
trance to the time-honoured school, while, on either side respec- 
tively, are the more modem school-chapel and the head^master'a 
residenoe. Tbe main purpose of the new building in qaestion is 
to serve as a library for the upper boys of the school; but m 
addition to this, it is intended to be a general centre of school 
interest It is destined for tbe reception of portmits, bnsta, &c., 
of distinguished Harrow men, and is intended to commemorate 
the head-maatership of Dr. Vaughjin at Harrow, which extended 
over 15 years — viz. from 1845 to 1859 iuctnsive, A sum of 
nearly .£5000 has been raised for the purpose by subscription, 
chiefly among his own pnpil& The principal apartmeut^ — the 
library — is a parallelogram of about 70 by 28 ft., well lighted by 
jDoupled windows in each bay, and having a lofty pitched roof, 
which, internally, is ribbed and panelled. In the centre of the 
west side is the entrance porch, and in the centre of the opposite, 
or garden, side is a projecting octagonal bay, On this side, too, 
tbe rapid incline of the ground admits of a sub-story, which will 
be appropriated in various w*ays; and it is also proposed to add 
a small octagonal room, almost detached from the rest, as a kind 
of private room for the monitors of the school. The walling 
will be throughout of brick, with Bath stone dressings; and the 
roofs are to be covered with Staffordshire tiles. The architect is 
Mr. G. G. Scott, RA., of London, and tbe builder; Mr. Hicbard 
Chapman, of Harrow. 

Tlte India Museumt WhitehaiL^^The collection of native pro- 
ducts, and the apeciraens illustrative of tbe arts and industrial 
pursuits of the people of India, which for several years past had 
been on view at the old India Houije, in Leadenhall*8treet, have 
been removed to Fife House, Whitehall. Tbe museum, newly 
arranged under tbe direction of Mr. Digby Wyatt, Dr. Forbes, 
and Mr. Downing, is now open to the public. A tine collection 
of the Elliot marbles, consisting of slabs, cornices, panels, and 
other portions of the sculptures from the ruins of Amrawntti^ 
are arranged in tbe grotmda of Fife House. These marblea 
have not yet been exhibited in this country; and they are 
remarkable for the extreme deljcjtcy and minuteness of their 
finish. Tbe subjects representetl are connected with the wor- 
ship of Buddha; and tbe marbles formed at one time portions 
of a magnificent temple, of which the ruins now alone remain to 
tell of the patient skill of its founders. A more interesting col- 
lection of sculpture does not exist; many of them ai^ remark- 
able for beauty of design. There is no branch of Indian in- 
dustry or of manufactures, and scarcely any description of raw 
produce, which is not illuatnited in this interesting museum, 

Ejrhibition of Indutttrial and Zkcorutive Art in Edinburgh, — ^Tlie 
Board of Manufactures intend to open an Ejibibitiou of Indus- 
trial and Decorative Art on 20th Nov. neit,' in tbe National Gal- 
lery, within tbe suite of gaUerie» fonniug the east side of that 
building. Mr. W. B. Johnstone has been appointed art super- 
intendent of the exhibition. 

The Archofohgicai InstHute commenced its annual summer con- 
gress at Peterborottgh, on the 2Zvi] ulL The chair was tfhken by 
Lord Talbot de Mala hide. The Kev. T. James, of Theddingworth. 
read a paper "On tbe Archaeology of Northamptonshiie;" and 
Mr. J. H. Parker, ** On tbe Ancient Houses, Domestic Chapels 
and Hospitals in the County of Northampton and tbe neigh* 
bourhood of Peterborough." Mr. H. M. Bloxham also contri- 
buted an essay **0n the Early Saxon Tombs in Peterborough 
Cathedral. On tbe 24 tb a meeting of the Historical Section took 
place, under tbe presidency of the Dean of Ely, and papers wera 
read by the Rev. J. Earle, late Professor of Anglo-Saxon in the 
University of Oxford, *' On tbe Local Nomenclature of North- 
amptonshire;" by Mr. C. C. Babington, Professor of Botany in 
the University of Cambridge, " On the Ancient History of the 
Fena;^' and by the Rev A. W. Brown, ^*0u Certain Existing 
Landmarks of Early Eccle»iastical History.'^ An excursion fol- 
lowed to Barnack, Wbittering, and Uaistor churches. In tbe 
evening a dintier took place at the Great Northern Hotel, &iid 
the Dean of Peterborough afterwards gave a conversassione at 
the deanery. On Thursday a trip was made to Oakham, where 
tbe distfe-hall, the earthworks of the castle, the church, dsc., 
were inspected; and at noon the party passed on to Stamford, 
where the various churches, tbe site of the Hospital of St. Thomaa 
of Canterbury, &c^ were visited. 
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LLA^^DAFF CATHEDRAL. 
(With an Engraving.) 

For some yeara pait the restoration of this grefttlj rinapidated 
eoelesiABtical Btnicture hag been going on. In 1857 appeals 
were made to procure fuDds to carry on the work, winch were 
well re»p<>n*led to; but though funds were ohtained to carry out 
a large portion of the raore tirgently needed repaira, much has 
yel to be done before the cathedral will have regained ita ori- 
ginal character and beauty. 

Amongst the works executed is the perfect renovation of 
the weat front, which includes the completion of the lowest 
tower, and the rebuildio|j of the highest, with its chaste and 
elegant spire, the details of which will be bettor understood by 
our engraving than by descnption. 

The onoe ruined section of the nave has been thoraughly re- 
stored, its arcade and ita western front repaired, its clerestory 
and aide aisles rebuilt, its walls pfasterecL windows glazed, and a 
new roof thrown over its whole span. The partition wall, which 
so long severed it from the portion now in use for public worship, 
has been removed. The roof of the aide aisles of the eastern 
end haa also been restored, with the exception of the two bays 
which entend bevond the chapter-housei and which are separated 
from the others by a small vaulted chapel The bishop's throne 
is nearly 6ompleted, a portion of the stalls with the screen on one 
«ide haa been erected, and contracts have been entered into for 
another section of the work. The progress of restoration has 
indeed now advanced so far, that only thoae who remember the 
ruinous state of the cathedral in former years can realise how 
much has been done. Of the portions untouched there still remain 
to be done — the reconalruction of the two bays of the roof before 
alluded to, the completion of the stalls with their appropriate 
canopies, the permaneut flooring of the western portion of the 
nave and of the two side aisles, the repairs of the monuments, 
the finishing of the parapet of the southern aisle, and the 
provision of new doors for the two Norman doorways in the 
northern and southern aisles. The rebuilding of the' southern 
tower mav perhaps be looked upon as a separate work, and 
as one which admits of temporary delay; but it is deemed very 
desirable, botli for the sake of appearance and for construc- 
tional reasons, that the building should be advanced another 
Btage, so as to reach the height of the clerestory wall The 
chapter-room again, which, 3" not an integral portion of the 
cathedral, stands to it in something like the relation of a tran- 
sept, re<|uires a considerable outlay, and the entire reconstruction 
of its wmdows and its roof. The cost of these two works has not 
yet been estimated; but it has been ascertained that to finish 
the roofs of the side aisles, to complete the parapet of the southern 
aisle, to lay the flooring, to provide doors, and to finish the 
Btalls^ — all works which should be imme<liately undertaken, and 
which would, when accomplished, almost complete the work of 
restoration — would involve an ejipenditure of about ^1200. An 
oi^n is being constructed by Messrs Gray an*! Davidson, at a 
cost of ;f 1000, which is to be used on the 17th instant, when 
H is intended to celebrate ita erection, and the further resto- 
ration of the cathedra] by a full choral service. 

The whole of the works of restoration at present finished have 
been executed under the direction and from the skilful designs 
of Messrs, Pricbard and Seddon, of Whitehall, London, the 
diocesan architects. We purpose further illustrating the re- 
storations, and furnishing more lengthy details, on a future 
occasion. 



THE NEW WELLINGTON COLLEGE. 

This great educational establishment, intended chiefiy for the 
sons of deceased officers who have bornu commissions in her 
Majesty's British or Indian army, and who have been on full 
or half pay within five years of their death, is, according to the 
report just issuedi in a highly thriving condition. The large and 
handsome building known as the College was erected specially 
for the purpose at a vast expense, and is appropriately named 
after the late illustrious commander. It was formally opened 
»'>out two years back by the Prince Consort, its president, and a 
warm supporter from the first A few weeks ago the same illus- 
trious individual laid the foundation stone of a new chafiel, to 
be attached to the general building by means of a short corridor 
azid arcade, and thus oonstitnting an'exteniion enstward of the 



aouth front of the college. The style in which the latter is 
erected is one which its architect, Mr. Shaw, of Christ's Hospital^ 
is thoroughly master of<^the latest phase of Elizabethan, verging 
on the pui^r Classic, — but the new chapel is to be in the Ecclesi- 
aatical style, and for this special work the assistance of Mr. Scott, 
the eminent Gothic architect, has been secured. The chapel will 
measure internally about 70 feet by 20 feet, divided into five bays, 
each containing a two-licht window with a cusped circle over, 
and included in a oomprismg arch; to divide the bays lofiy pedi- 
mented buttt esses are iutit>duced, with scollop en rich men t in the 
aetroff weatherings; between these buttresses and below the win- 
dows is a simple continuous shafted arcade. The east end is 
semicircular, and has buttresses assimilating with those alread? 
described, the windows to the apse are single lancets, with 
shafted jambs. The roof is open, and supported on long corbel 
shafts, with canned capitals: between the two easternmost 
trusses of the nave rises a lofty octagonal JfSdie, or bell-turret, 
covered with lead, and highly ornamental in design, the spire 
being crocketed, and the lower portion, next the roof, richly 
diapered in an eflecti%'e pattern. The vestry is a small apart- 
ment on the north side of the apse. The seats are all arranged 
longitudinally, and are five rows in depth on each side, while at 
the west end the back row is divided into stalls for the masters 
and the princi^wil visitors. 

We must take a future opportunity of describing the fittings^ 
and the decorations and finishing generally, since these are a* 
yet unmatured, but there is little doubt that, when completed, the 
chap)el will be one of the most elegant and perfect specimens of 
its class. The execution of the work has been intrusted to Mr. 
G. Myers. 

In the immediate proximity to the chapel it is proposed to 
erect a librai7i detached from the main building, but harmonising 
with it in point of design, and for which the plans have besii 
already prepared by Mr. Shaw. 



ON THE CONSTRUCTION AND ERECTION OF IRON 
PIERS AND SUPERSTRUCTURES, FOE RAILWAY 
BRIDGES IN ALLUVIAL DISTRICTS. 

With Remarks upon the nevetnttf of e.t tended RaUway Cammuni- 
cation in the BrUtah Colonies, 

By Lieut.'Col J, P. KEJfXEDY, late RE. 

Before discussing how countries can be best furnished with 
the means of intercourse essential to industi^ and commerce, 
it may be well to scan the especial bearing which that sub- 
ject must have upon the constituent parts of the British Empire 
respectively, and in their mutual relation to each other. It may 
be well also to offer some estimate of the comparative degree in 
which our interests at home are afleeted by the development of 
wealth and activity in British Colonies as contrasted with fiimilar 
developments in foreign states. The best preface therefore will 
be the statement of a few results and deductions, derived from 
some tables framed from the best authorities, to guide a true 
course of action and opinions in matters bearing upon these 
important affairs. 

L They show that the subjects of the British crown exceed 
206,0CM),C*OC» of souls, or about one-fifth of the population of the 
earth, of whom about six-sevenths are colonists- 

2. That the territory under the British flag is about two and 
a half times the extent of Europe, sixty-throe sixty-fourths being 
colonial « 

3. That the British colonists, even in the absence of the re- 
Guired commercial facilities, consume half aa much British pro- 
duce as the remaining population of the world, although only 
one- fifth of their numerical amount. 

4. That within the last twelve years the consumption of Britisn 
produce in British Colonies has trebled; whilst that of forcigh 
states has only doubled in the same perimi. 

5. That the demand of the colonists as consumers is certain; 
whilst that of foreign states is contingent upon the ever-doubtful 
continuance of their friendly relations. 

6. That the colonists are at all times willing to interchange 
produce upon the fair and equitable terms of free trade; whilst 
foreign states for the most part charge heavy and frequently 
prohibitory duties. 

7. That the British East Indian territories, from the pikat 
neglect of their industrial development^ tip to the jwi 1S55, only 
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ooEwom^d Britifth prodtice to the valae of It. 2dL per head of 
popoUtioo: whiUt BritUb Australia coDsmn^ £8, 12#. 8rf. per 
bead; Britmb America, £\. S#. Zd. per head; the Britbh Mediter- 
miseaii posaeasions, £4. 6#. 8rf, per head; and the British African 
£iDpir«, j^ 1#. 2d, per head, of their respective pupoIatioDA. 

8. That the reeoJta of coeval cotique«t«, by the plough in 
America and the ^word id Inilia, offer a UK»6t signigcant contraat 
for the edification of siatesaien (up to the year 184t) by showiog 
that, with in two cetituries and a half, the fimt few British 
settlers io a Virginian wildemean had expanded into a mighty 
empire, with a popalatioo of 18 milHona of souk, and ooDBamiog 
the annual valne of £9,500,003 of British produce; whilst India, 
with her ready-made popalation of 170 miliions, her ancient citiea, 
her fertile lands, and her infinitely varied power* of productiott 
— powers of course dormant as long aa the means were withheld 
of conveying produce to markets; — this India, under the govern- 
ment of a Briiiah mercantile company, could only conaome value 
for £4,.500,0<:>0 sterliug of British produce. 

9. That in 1848 the United States of America exhibited 
5682 miles of railway under traffic, with L2.000 miJea in rapid 
progresa^ tn addition to an extensive natural and artificial 
means of water communica»ion; whilst India remained in statu 
qua, without a eingle mile of railway, 

10. That the wages of labour — ^that sure indication of a nation^a 
condition — had reached iu America (1848) 4$. per day; whilst in 
India it remained at its old rate of 3dL I 

IK That in 1849 Indian lethargy yielded — ^railways were 
commenced; more active measures of improvement have been 
responded to by Indian industry, and the oonsumption of British 
produce has increased from £4,551,449 in 1848, to £9,949,154 
m 1855, and to £10,844,9^ in 1859. 

12. That the valne of India to Great Britain has quad- 
mple^l within the last eleven yeara, and even doubled within 
the four years ending 1859, although those four years included 
the period of the mutiny, with all its deranging effects upon 
commerce. 

13. That the Indian demand for British produce taken at 
U, 2d, per head of the population in 1855, increased to 2*. 3rf. per 
head in 1859^ and amounting to £2,500^000 Bterling of increase 
per annum, would if the same rates of increaae continue, in about 
ten years make Indian coDsumption equal to the present con- 
sumption of all the British CVilonies, including India. In about 
twenty-five years it would exceed the present demand from aU 
foreign states; and in forty-four years it waoUl be equal to the 
preaent demand from all foreign states and British Colonies taken 
together; and that even in the last case the consumption of British 
produce by the Indian people, would not exceed about 15#. per 
head, or IJetween one-fifth and one-sixth of the present demand 
per head from the Mediterranean Colonies, and one-eleventh of 
the demand from the Australian Colonies. 

14. That taking the present yearly increasing demand of India 
for British produce at £2,5UO,C*00 sterling, and the aggregate 
yearly increase of all the other Colonies alM>ut the same amount, 
making the total yearly increasing demand for colonial couaunip- 
tion about £5,000,0o0; then this rate of increase continued fur 
seventeen years, would make the yearly demand from British 
Colonies alone, equal to the entire of the present exports. Such 
progress, however, must distinctly depend on the due supply of 
those facilities for transp>rt, which are indispensable; and, so far 
as India is concerned, the total absence of the principle of self- 
management rendeni that supply entirely dependent upon the 
action of the British Government, 

15. Thf? fore- knowledge of these subjects demands tj^e attention 
of every claaa in the atate: it especially concerns the engineers of 
Great Britain, who besides being the pioneers of industr>% wealth, 
and civiliiaation ihronghout the world, hold undisputetl poaseasion 
of the inalienable staple trade of England, and actually send forth 
in the aggregate one-sixth of the entire British exports. 

16. It in N higher degree still concerns all those en^^ged in the 
cotton trade, whn receive about one-sixth of the total imports, and 
contribute fromhalf toone-thirdof the exports, and whose supply 
of cotton wool, now so seriously threatened owing to its depemience 
upon a convulsed foreign state, can only be rendered certain for 
the future by extending its growth and its means of transit in 
India and orher British territories. 

17. The subject of colonial development is not only interesting 
to the cool judgment of the statesman, the speculator, the 
economist; but to the warm heart of the philanthropist and 
the Christian, aa idfording an easy approach to a safe asylum, 



instead of a rngsed trackksi pssssge to a rude wild^mew, lor 
the reception of^ose that are forced by the crowded oonditum 
and competition of Eughind to abandon their native homee^ 

18. In this also we shall find the most fitting remedy ftt***^ 
the must dangerous of all the indications that thrMten oar pvo* 
gresa, trade combinations and strikes i It will sustain the nmoel 
law which should regulate supply and demand; and people will 
be satisfied to go, when they can go with comfort and oertsin^ 
from a glutted labour market to where they are wanted— instaaA 
of undertaking the Im possible task of forcing a fictitious nte oi 
wages destructive to their own trade. 

19. This is a portentous subject, considering that the popto]*-* 
tion at home are now increasing at a yearly accelerating ratio 
which has already reached one-third of a million per annumy 
whilst emigration for the last fifteen year? has averaged over 
a quarter of a million per annum. The mutual and the highest 
interests of Great Britain and her Colonies require — that aas^* 
ciations be formed in every county and borough, to promote 
those facilities that are essential to colonial wealth, and it» 
exchange for British produce* The cotton interests have 
made a slight move in this direction; but that movemeai 
should be general in its object^ and universal in its aetton. 
If it were so, we should not see the representatives of oounlaee 
and boroughs neglect their most important duties, by deseHiBip 
the House of Commons the moment a colonial question is hK 
troduced. What comparative benefit can be denved from tli» 
discussion of local home questions, where everything alrsady 
exists that can facilitate industry, civilisation, enjoyment, and 
free action; whilst to supply the only real want — an increase of 
colonial customers — is within the power of parliamentary aotion, 
hot unmeaningly withheld. 

This is not merely a question of national wealth: it is a qiieai' 
Uon of national conscience. There are fifty-three distinct Britisk 
slates, of which thirty-elx, numbering 34 millions of people, are 
governed by their own representatives, and therefore for each 
of these their respective parliaments are responsible: whilst from 
the remaining seventeen states, numbering 172 millions, th# 
power of self-government has been, no doubt wisely, withlield by 
the British parliament, but so long as it is withheld the British 
members of parliament are as responsible individually for those 
172 millions, as if they formed a portion of the constituency of 
each British county and borough. The latter class of Colosoieo 
includes British India, numbering alone 171 millions, posseisiofc 
a lai^ state revenue, which ere this, and without taxation, would 
probably have far exceeded that of England, bad those indispeo- 
sable facilities to industry been furnished to India which it is. 
the duty and the practice of every civilised government to pro- 
vide for its subiectsL But they were unmeaningly withheld; and 
therefore are Indian customers scarce, Indian lands untiUed^ 
Indian minerals unsought, Indian wages '3d. per day. 

This state of thiniis requires a change, not only as regards tlie 
wealth, but the honour and character of England. The pftst 
government of India must be measured by the American scale* 
What has been done in the West might have been done in the 
East The United States, for a population of 3*> millions, have 
opened 31,000 miles of railway intercourse, with 16,()00 miles 
more in rapid progress of construction. They have been rich and 
prosperous, because their industry had free scope. British India^ 
with a population of 171 millions, has opened but 1100 miles of 
railway, with but 3600 more in progress uf construction. Her 
people are poor and famine-stricken, becanse their indostrj has 
not had free scope. 

The earnest desire of the present British and Indian adminis- 
tration to open the means of intercourse through that vast em- 
pire is undoubted^ They have done much: they are doing 
much. But they are not doing enough — much more is required* 
There is no time for delay, and their efibrts demand a compre* 
hensive support and Lmpulae from the British parliament. Tiism" 
task is not merely that of stimulating improvement in a natural 
way, as in states that have been keeping pace with the ongoing 
of the world. The present Indian government have to make up 
for 100 yeais' negligence of their predecessors; and the arrears 
of those progressive operations that ought to have been eti'ected 
from year to year out of moderate annual grants, are now accu- 
mulated on the heads of the ministers in power. Who can foren 
see the evil eHeets of the present insane American conflict upon 
British trade and manufactures ? The prime source of our raw 
material is threatened; — the first consumer of our manufactured 
produce may be withdrawn. The crisis is meat imminent, and 
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can only be alleviated by redoubled exertiong in India» which 
can rapidly, if fostered, supply the threatened deficiencies, by the 
consumption of a sevenfold population as to our manufiictured 
piroduce, and by an inexhaustible soil capable of yielding every 
variety of raw produce to feed our manufactures. But to bring 
this about will require an exertion beyond the reach of the 
government, uuleaa sustained and impel ted by the parliament; 
beyond the power of the parliament, unless auatained and im- 
pelled by the people of England. Theae respective impiUses 
muBt be based upon a thorough uudora landing of the object to 
be attained; and therefore it behoves every thinking man in 
Eogland to study these gi-ave questions: it behoves every county 
ana every borough to form an aasocirttion, which shall stimulate 
their representatives to perform their duties in respect to British 
Colonies that do not possess local representative govemmeuta. 

Having thus conaidere^i hjiatily a few of the broad objects to 
he kept in view, we may now proceed to the practical diaouaston 
of the first and most essential approach to their accomplishment, 
by examining how the opening of coinmunieation may be most 
rapi^Uy and economically effected. This important subject shall 
be Uluatrated by certain operations now in progress in India. 

In undertaking a system of i-ailwaya and means of intercourse 
essential for the development of industry in any country, the 
first consideration should be given to the character of the piers 
and superatructures of the brid|?es, la Indi.i these form a large 
proportion of the works of a railway; and the piers especially tu 
alluvial districts have a particular bearing upon the absolute 
practicability, and the cost and consequent suocess, of such 
undert'ikings. 

A good iUuatration of this important subject is a^orded by the 
works completed and ia progress in the construction of the 
Bombay aud Baroda Eailway in India, with which the writer ia 
GODuected; where a special conBtnicLion has been adopted for the 
bridge piers Jtud superstructures, in order to meet the difficulties 
of the alluvial districta through which the railway passes, and to 
attain a facility and rapidity of erection combined with economy 
in total cost. Most of the Indian railways should take their 
course through such alluvial plains and valleys, where there is 
only one important natural imprnHnient to their coDstmctiou, 
CODsistiofg in the bridging of the rivers, many of which are 
crossed within tidal influence: and all of them are swept by 
fierce monsoon currents, while their beds in general offer the 
worst foundations for the construction of masonry piers. They 
thus combine the grefitest ioipedLmeata to the erection of the 
usual deacdption of bridges. The great cost of erecting a bridge 
acoss the Thames in London is generally known; and yet in 
that caije there are the best engineering talent, and the greatest 
mechanical aid, immediately within reach; and although the 
natural impediments are of the same class, they are far inferior in 
degree to those met with in Indian rivers* The line of country 
traversed by the Baroda Eailway in its level course of 313 miles 
from Bombay to Amedabad, is more intersected by rivers of the 
above character than any other railway in India. So vast did the 
difficulties appear, that the very practicability of constructing the 
line was seriously disputed; and not without reason, if it were 
assumed that the bridge piers must be executed upon the old 
stereotyped masonry plan, and that the engineer would not 
adopt those modem and weU-tested improvements that were 
applicable to the case. To those however who knew the precise 
uatore of the local difficulties, as well as all the modern engineering 
improvements by which they could be surmounted, it was clear 
that this line could be etTectually and economiadly executed, 
provided such modem improvements were applied; but by no 
other means could a maximum hnaucial return for the outlay 
(which ought to be the first principle in engineering) be secured* 

The object wa^ therefore to show that it was practicable to over- 
dime with rapidity and economy the great characteristic difhcnlty 
opposing the construction of Indian railways, even where most 
prominently encountered. The writer accordingly proceeded, to 
ascertain, first, all the engineering and financial requirements, 
and to investigate the comparative merits of all well-tested 
improvements calculated to meet them; whence it was ultimately 
concluded that to bridge Indian rivers in alluvial districts on the 
old principle of masonry or brickwork would be both tedious and 
ruinous to the undertaking; but that the most difficult rivers so 
situated may be economically bridged by adopting wrought or east 
iron for the piers, and wrought-iron in the superstructures. The 
writer finally arrived at one pattern of bridge, fwimittingof exteu- 
•loifi or contraction to meet all the variations of cin;;unistanoeB that 



occur in such cases, as to height or length of bridge, and depth 
and nature of foondationa. 

Fig. 1 shows the construction of piers adopted in strong tidal 
rivei-», such as the Tap tee and Nerbudda, where the depth of 
floods reaches fr*:>m 40 to 60 feet, with a velocity of fJ to 10 miles 
per hour; and the force of the current acting alternately in oppo- 
site directions on the piers, requires the addition of oblique piles 
to act as struts on both sides of the pier. The piers are composed 
of hollow cylindrical oast^iron piles, of 1-inch thickness of metal 
and 2 ft. 6 in. outside diameter, cast in 9feet lengths weighing 
14 ton each. They are of two principle patterns for the portions 
of the piles above and below the ground. Those above the 
ground have ffanges outside for bolting them together by twelve 
I -inch bolts; while those underground have the fianges inside 
bolted together by ten 1-inch bolts, and are flush on the outaide, 
ao as to offer no resistance in penetrating the ground; they are 
large enough inside to leave room for a man getting in to bolt 
the several lengths together properly in the process of erecting. 
The foundation ia obtained by one of Mitcheirs sci'^wa at the 
bottom of each pile, of 4ft. 6 in. diameter, which finds its own 
foundation without die expense of cofferdams or any other artifi- 
cial preparation of the ground. The upright piles are placed 
14 feet apart centre to centre, and are sunk to a depth of about 
20 feet m the ground, but where the ground is softer than 
uawil they are carried deeper, as shown by the portion drawn in 
dotted lines in Fig. 1. To obtain the requiaite strength of foundar 
tion, the gre^itest length of pile used hiis been 45 feet below the 
ground and 72 feet above. The oblique piles forming the struts 
are inclined at an angle of about 30'', They are precisely the 
same in construction as the upright piles, and are joined to the 
latter at about the ordinary flood level by a cap cast at the proper 
angle, which clips the body of the upright pile. The piles are 
all connected together above ground by horizontal and diagonal 
wrought-iron bracing attached to lugs cast on the piles, by a pin 
at one end and a gib and cottar at the other, the several parts of 
which act alternately as struts and ties, according to the direction 
of the current. In consequence of this alternate strain, an 
accurate fit of the bracing is required, and to insure this the joints 
at one end of each are therefore left to be done in India, from 
measurement on the site, this being the only forging required in 
India. The outside piles are faced with a double row of timber, 
as a fender, to protect them from anything floating in the water 
being carried against them. The superstructure adopted is that 
known as *'Warren*8 triangular system." This form of girder, 
when manufactured and accurately fitted in England, requires 
the smallest amount of skilled labour for its erection abroad, 
on reaching its destination; only a few pins and bolts having to be 
put in for completing the girders, the skilled labour for riveting 
the box girders or lattice girders being avoided. As it is considered 
that uniformity of parts, as far as practicable, is of as great im- 
portance in Ivridge work as in other mechanical atructurea, a 
uniform span of 00 feet is adopted for all the iron bridges on the 
line, this being considered the most economical, having reference 
to the geneiul heights of the piers. One end of each girder is 
fixed on the pier, while the other end is carried on a pair of small 
rollers, to allow of erpansion and contraction. The weight of 
the entire 60 feet auperstractnro for a single line of rails is 24 torn*, 
being 8 cwt. per foot run; and the cost at the present rate of 
iron is about i'400. The weight of a single complete pier of five 
piles, for two lines of rails, 63 feet high from the foundation, ia 
75i tons, and the coat ^624 delivered in London. 

In the construction of piers adapted for inland rivers with deep 
water, say 20 to 50 feet^ but not tidal, where the current is 
alwa^a in one direction, the oblique piles acting aa struts are 
requured only on the lower side of the bridge, and the timber 
fenders only on the upper aide. Fig 2, shows mo piers for inland 
rivers with shallow water of not more than 20 feet depth, where 
the oblique piles can be dispensed with altogether; and where 
there is a rock foundation the ficrews are omitted, and the piles 
are simply let into the rock about 2 feet, and filled round with 
cement, allowing of great rapidity of erection in this case. In 
some situations the niik art carried at the level of the tof) of the 
girders to obtain the advantage of the additional height, instead 
of being supported &om the lower edge of the girders; and the 
girders are then braced with diagonal ties to g^ve increased 
alability uoder the load. 

A valuable proof of the strength of the piem erected in the 
manner above described was atlbrded by the exposure of the 
Nerbudda viaduct on the Baroda lipe to the monsoon of ItJfiU, 
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whilst still in an iocomplete state, the works tiAviiig been aud* 
dcnly stopped by the cholera breaking out among the men. 
Thei^ were at the time only two piles erected at the last pier, 
wtiich reached into the middle of the stream, without any oblique 
pilea to serve aa atruts in supporting it; but the pier resisted the 
deepcfit and fiercest current of the river without suatainiug any 
injury. At this bridge greater rapidity in screwing down the 
pile piers was latterly attained by Mr. Forde'e application of 
animal power direct at the extremities of 40-feet levers made fast 
to the piles, without the intervention of crab winches or other 
multiplying wheels. Four of these levers, with eight bullocks 
yoked to each, were applied to screw every pile. This plan would 
be applicable to all pier sites not permaneotly covered with water. 
When any considerable depth of water exists the practice hitherto 
has been to erect a temporary stagmg or platform upon timber 
piles, from which the permanent iron piles axe screwed down by 
a lever and capstan worked by men, bat probably a more 
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set The greatest strain to which any portion of the girders ia 
auhjected under the heaviest praoiical load is 3j tons per square 
inch of section. 

The piers and superstructures from ninety-five bridges on thia 
plan ot construction have now been sent to India, com prising 
477 spans, and making about 6 miles of viaduct upttn the Baroda 
Kailway; and the trains on the 139 miles opened within the last 
year paaa over thirty-three bridges, comprisiag 216 sfmna of 
60 feet each» There has not been a single failure in the founda- 
tions with the iron-pile piers, though nearly all the fouodationa 
were bad; whilst the attempt to erect masonry abutments even 
for 10 and 20 feet spans has failed in several instances in similar 
localities. 

The rapidity of erection afforded by this mod© of construction 
is well illustrated by the progress made on the second or central 
division of the Baroda Railway, extending over a length of 
80 miies, and including the moat dillcuJt part of the entire line. 
FoBsesaion of the land for this portion ol the line was obtained 
in October 1858. The average amount of iron-bridge viaduct 
on one-half of this division, including that of the Titptee, waa 
twice the average of the whole; for about 40 miles iu this locality^ 
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economical mode would be to use a floating stage carried upon well- 
anchored pontoons. Tlie principal element of strength in these 
bridge piers is the firm and accurate fixing of the horizontal 
and diagonal bracings between the piles from the bed of the 
river upwards. This and other necessary operations in deep 
water are effected by submairine fitters, furnished with Heinke's 
diving helmet and dresses, which are indispensable in such 
cases. 

Previous to adopting the "Warren'* system for the bridge 
auperstructuTO, the writer tested a girder of this construction, 
of sixty feet span, to the breaking point, and finding the 
results generally satisfactory, strengthened the parts very con- 
siderably in the subsequent designs, rejecting all cast-iroo, and 
increasing the quantity of wrought^iron beyond previous practice* 
An additional strength is thereby attained which has already 
proved of great service, having enabled the Wiswamuntree bridge 
to resist successfnlly the shock to which it was ei posed by an 
accident, arising from a malicious plot for destroying the train, 
on the 17th of January, 1861; the train was thrown off the 
line by a rail placed across, and broke some of the cross girders 
supporting the track; but it was completely held up by the main 
girders, and the bridge sustained no further injury from the 
accident The regular test to which the superstructures have 
been submitted in England was 2 tons per foot run, or about 
double the maximum load that can be placed upon them in 
practice. This test load waa rolled on in trucks from a siding; 
it caused a deflection of only five-eighths of an inch in the centre 
of each 60-feet span, and upon removing the load the girders re- 
covered their original camber, without taking any permanent 



or one-eighth of the entire line, included one-quarier of the total 
amount of bridge work. The Taptee bridge, 18J)1 feet long, 
spanning a tidal river, and erected on an alluvial bed, was opened 
for the passage of trains in November 1860, within one year from 
the sinking of the first pilej this great work ranks the second 
in point of difficulty on the entire line. These 40 miles of rail- 
way just completed, including eighteen iron bridges, mukiog up 
more than 1^ mile of viaduct, have occupied only about twoyeara 
and a half in the construction — -forming a i-emarknble achievement 
in railway operations. These works being the first of the descrip- 
tion executed upon a large scale, the writer was not able to meet 
with engineers experienced in the erection of this particular 
class of bridge work. Only one of the engineers on the line 
had previouaiy erected a Warren girder, and onlv one had pre- 
viously sunk a screw pile. None of the others had previonslj 
erected either piers or superstructure of this class: yet in this 
their first effort in the erection of railway bridges upon iron 
screw piles their success was as above stated; and vnth their 
increased experience they can now erect aa many piers at a time 
aa it might be found admissiblo to carry on simultaneously, each 
being completed in a fortnight; and could cover the piers with 
their superstructures at the rate of one span in every two day?. 
This rate of erection was nearly attained in practice in the con- 
Btruction of the division of the line above referred to. 

An important essential to economy and rapidity of construction 
is to provide beforehand a large proportion of the permanent 
way and bridge materials, and to have both of them in readiness 
at the proper commencing point of the line, before the earth worka 
are undertaken. This precaution would add to the economy of 
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OmertU Tabular Scale for calculating Composition and Cat of Bridge Pier»y 

The superstructurett being conaUnt quiMititiea for ipwis rif 50 feet — viz. Ist track, 24 ton* of wrtJUglit-in>n at £16. 16*» per ton, £iOff. llf» 24. j 

2nd tnwkj 22 ton* 14 cwt, at uune rate, £SSO> 17*. 2<i.— delivered in London. 



BoieripUoa, 

3 Pile caps (A,- 
S Pilea (B) .,. 



*Fig.l) 



Ton art, qr, & 
Class I, 
... (CMt) 2 12 3 U 
do, 3 19 8 14 



Cost ddiTflrod 

ia London. 



Total cist-iion (carried down) 6 12 B J&49 16 7 

2 Homontal J "«o itrnte, ... <Wroi^lit) 3 3 24 
4 Diag^oaaL L, ii^n hracingH .*• do. 6 2 20 

3 l^iron rings .., ... do. 3 2 22 
«4 Bolte, nuta,and waiihera, 1'*X44'' do, 1 fl 

4 Ditto ditU>. lix;^ do. 13 
4 6iU And GottaFB ... ... do. 17 



Total wronght-iron 15 


3 8 


14 8 


Total 7 8 


2 8 


£63 1« 3 


Class II. 
a Pila(C) (Cwt) 4 8 

2 Horizontal X iron bracinga .„ (Wrongbt) 4 
4 Diagonal ^ iron bracini^ .. do. 6 
36 Bolts, nutfl, and waehere, r'xi^" do. 
4 Ditto ditto 1^X74" do. 
4 Gibi and cottam ... ... do. 


2 9 

3 
2 22 
1 3 

17 


S3 4 4 


Total wrought-iron 11 


3 20 


10 11 11 


Total ... ... 5 


2 1 


£43 16 3 


Class in. 

3 PileB (E) (Ca«t) 4 3 

2 Horiiontal X iron bradngi ... (Wrought) 4 
30 Boita, nuts, and wasben, rx4i'' do. 

4 Ditto ditto l^XSi do. 


7 

"o~e 

2 9 

1 2 


81 2 11 


Toil! wrongbi^iroD 4 


3 17 


4 e 11 


Total 4 7 


8 24 


£36 9 10 


CLABfl IV, 
3 Pil«i{G^ ... ... ... (Cwit) 8 16 

30 Bolta, nuta, k waahera, 1*'X44'» (Wrought) 


5 

2 9 


28 10 4 
10 3 


Total ... .., 3 16 


2 14 


£29 7 


ClA£8 V. 

3 Plica (F)-^flcrew (Caat) 4 14 


U 


£3.5 6 11 


Class VI. 

1 Pile(D) , ... (Caat) 1 9 

1 Pile (B) do. 1 6 


1 

2 14 




Total cast-iron 2 15 


3 14 


20 19 


30 Boitu, nut«; & WAiibers, l''x44* (Wrought) 
1 L i^n ring ... ... do. 1 


2 9 
26 




Total wrougbt-iron 1 


8 7 


1 12 2 


W Total 2 17 


2 21 


£22 11 2 



I Pile (0) ... 



Class VII. 
... (Coat) 



Tod. cwt. qr. lb 



Co^delifex^ 



19 2 8 £11 1 S 



1 Horizontal T ^i> bracing ... (Wrought) 2 Itf 

1 Diagonal |. iron bracing ... do. 1 1 20 

1 Ditto ... ... ... do. 8 26 

12 Bolt«, nuta, and waaben^ l^xH" ^^' 26 



Total 



Total wrougbt'iroa 3 14 2 18 8 
1 12 3 7 £13 19 8 



1 Pile (C) 



CLAflfl VIII. 

... (Ciwl) 19 2 3 



n I 6 



1 Horizontal X iron bracing ... (Wrought) 1 1 28 

1 Diagonal 1^ iron bracing ... do. 1 3 12 

1 Ditto ... ... ... do. 1 1 26 

12 Bolta, nuta, and washer^ l''X44" do. 26 



Total 



Total wrought-iron 6 6 4 9 6 
1 14 2 8 £15 10 n 



CLAiJS IX. 
,., (Caat) 19 2 3 



1 Pile(C) ... 

1 Horizontal X '^^^ bracing ,.. (Wrought) 2 10 

I Diagonal |. iron bracing ... do. 1 3 26 

1 Ditto ... ... ... do. 2 14 

12 Bolts, nuta, and WMhora^ 1"X44' do. 26 



11 1 



Total 



Total wrought-iron 210 6 16 11 
1 16 13 £16 18 4 



1 Pae (C) 



Class X. 

... (Caat) 



19 2 3 11 1 6 



1 Horizontal X i'^ii bracing ...(Wrought) 
t Diagonal L. iroiL bracing ... do. 
1 Ditto ... ,.. ... do. 

12 Bolts, nuta, and waahen» l*'x41'' do. 



18 

1 24 
18 
26 



Total 



Total wrought-iron 8 2 7 2 4 
1 17 2 6 £18 3 9 



1 Pile (E) 



Class XI, 
... (Cast) 1 



7 2 21 



1 Horizontal X ^<i bracing ,.. (Wrought) 
10 Bolte, nuts, and waahera^ 1^x44** do. 

2 Ditto ditto li^X^i'^ do. 



2 17 
22 
16 



Total 



Total wrought-frcm 6 
1 13 



3 26 



10 



5 7 15 



2 19 £16 16 1 



Class Xn. 

1 Pile(G) (Caat) 1 6 1 11 

10 Bolte, ntita, & waaben, l*x4i'' (Wrought) 22 



9 9 9 
3 4 



Total 



16 2 6 £9 18 1 



1 Pile (P) 



Class XIH. 

... (Caat) 1 11 



1 14 £11 16 3 



KoTX. — In the aboTe UHe the ooit d oaatriroD Is reckoned at £7. 10^. per ton, and of wrought-iron at £17. 16#. — dalivered in London. 



the results by enabling the matdriAb to be carried forward to 
their iDteoded sitea aloQg the railway itself, as soon as the rails 
were laid on formation level; and would fidmit of rapid ballast- 
ing aa 800 D as the earthworks had received their first raius or 
monsoon seasoning. It would besides have a beneficial effect in 
oonsolidating the banks, by the transit of heavy loads prior to the 
balhsting, and before opening the line for traffic. In order to 
secure the greatest regularity in the supply of the materials iu 
India, all the portions of each pier aud each span of super- 
stmcture should be shipped together in the same vessel. 

The system of construction now described aims at maintaining 
the gnreatest practicable uniformity of parts, and the smallest 
variety, with the greateal durability of pattern, throughout all 



branches of the railway works. This can only be secured by 
well considered designs baaed upon strict tests. The first tem- 
plates should be the best fitted to their object of any at the time 
m existeoce, and should be preserved until some indisputable 
improvement required a change. The greatest judicious unifor- 
mity of parts and designs is essential to the greatest attainable 
economy, rapidity^ and certainty, both in constraction and after- 
working. 

On this railway precise uniformity has been established be- 
tween the corresponding parts of every pier and of every girder in 
the ninety-five iron bridges. Without such uniformity it would 
have been impossible to secure either precision of manufacture at 
home, rapidity of erection abroad, or freedom from the coat, incon- 
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▼enienoe, zind delay whicli mnat attend loasefl at sea, when 
each work is upon a special mid separate deai^. In erecting 
the work each engineer, artifioer, and labourer becomea rapidly 
aocoatoraed to his particular part of the work, and acquires in- 
creased expertnesa. The work at one point being completed, 
the men are moved forward to perform aimilar operations else- 
where with similar materials. What has been aimed at in this 
respect is, to apply to the construction of great public works the 
principle of manufacturing success-^namely, repetition of the 
same operatic ua throughout. 

From the present state of iron structurea of thia class that 
have been standing for many years, and have been well taken care 
of, their probable duration fur a hundred years may be inferretl, 
which would briiig them to between the ages of the old West- 
minater and Blackfriara maaonry bridges; the former of these has 
for the last six years been in process of rebuilding, and the latter is 
awaiting a similar renovation. After three years' use of the Barnda 
Railway iron bridges, a comparison of their coat with that of the 
old Westminatcr mason 17^ bridge^ would show that their entire out- 
lay would iu that time be refunded. These are strong grounds for 
the use of iron bridges, even in the abeeoee of effectual precautions 
i^inat oxidation. At the same time, the discovery of aome such 
effectual precaution is unquestionably the most important deside- 
ratum within the range of the engineering pro^saion, with a 
view to further increasing the durability of iron structures. 

The cost of the entire construction of the line may amount to 
about -£10,000 per mile, but had the ordinary method of conatruct- 
ing the bridges been adopted, even if practicable by that course, 
the cost must have reached from £1G,000 to £18,000 per mile. 

In connection with the railwaya now in progress in India m 
main trunks, and considering that the country is at present abso- 
lutely without secondary roads converging to them, it becomea a 
very important question, what ia the most profit<ibIe description of 
secondary rouds to adopt; and that plan will be best which 
enables goods to be conveyed most cheaply, taking into account 
first coat, maintenance^ and working coat. Comparing an ordi- 
nary metalled road with a light tramway capable of being worked 
by animal power or a small locomotive-engine, the construction, 
coat, and the maintenance of the tramway may be assumed at 
double the amount per mile of the ordinary rtmd, but the trac- 
tive effect of the same power on the tramway would be eight 
Umes that on the road, and the ©fleet of gradients will be the 
BQme on each. Comparing steam-power with animal-power for 
cost of traction, the former may be taken^ after leaving a large 
margin, at half the coat with four times the speed; and it may 
therefore be considered that the total cost of haulage by steam- 
power on a tramway is one-half that of animal -power on a tram- 
way, or one-fourth that of animal -power on orilinary roads. 

It is a very satisfactory circumstance, that one native Indian 
Prince, the Guicowar of Baroda has already set the example of 
constructing from state funds a tram-road converging to a trunk 
railway^ having commenced one of 20 miles length through a rich 
diatrict, from Dubboee to the Meagaum station on the Baroda 
line, wbicii is to be opened as a horse tram-road before the next 
cotton season. Mr. Foi^e, the late chief engineer on the Baroda 
line, has undertaken the construction of this tram-road at a 
cost of jCiaoo per mile, using rails 12 ib, per yard, and a 2 ft. 6 in. 
gnage. In the writer*a opinion both the guage of a tram-road 
and the weight of rail ought to be considerably increased beyond 
those dimeutioug; the guage to, be say 3 ft. 6 in., and the rail 
28 lb. p«r yard at least. The question of the introduction of a 
minor class of railway or tmm-road ia one of much iraportAnce, 
requiring the forethought and distinct arrangement of the govern- 
ment; as it is really as essential that a nniforra guage of road, 
height aud guage of buffers, and clearance guage, &c., should be 
establiahed for auch minor roads, as for the main trunk lines, 
otherwise there must be endless and costly trans- ah ipmenta as 
the system becomes developed. 

It may be observed with reference to the extension of railway 
oommuuication, that with good working arrangements the Indtan 
railway companies will find themselves in a most favourable 
position to carry out their task with every element that can 
secure the moat satisfactory results. Taking the particular 
line under review as a sample: it traverses a vast, populous^ 
and most productive district; — its ruling gradient is 1 in 5(Hi; — 
its cost of con.struotion, about £10,000 per mile, or one-fifth 
of the rate of much easier lines executed iu England; — it is 
protected by the establishment of a moderate rate of train 
apeed; — its locomotive euperiiitendence and maintenance of way 



are under one undivided responsible oontit)! Such combined 
elements must insure safe travelling at low fares for the public, 
together with a liberal remuneration to the shareholders; and 
thus tend to restore the confidence of capitalists in aimilar bene- 
ficent operations so essential to the progrcss.of the British Empire, 
both home and colonial* 

NoTiL — When describing the superstructure of these bridges, 
it should have been mentioned that the position of the roadway 
may be regulated either by placing the cross girders which cany 
the roadway above tho compressive beams of the main girders, or 
upon brackets fixed to the main piers of the lower tension bars. 
The upper position for the roadwav is preferable, because it 00m- 
binea the effect of both main girders to resist forces tending to 
produce the buckling of the compressive beams. The upper or 
lower position of the roadway in tliis respect must be decided by 
the amount of headway under the bridge, or the clearance between 
the bridge superstructure and the highest known flood-level of 
the stream: there should not be less than 5 feet The power to 
resist buckling must be made ample, whichever position is given 
to the roadway. In every case tuere must be a horizontal dia^- 
gonal bracing between the croaa girders carrying the roadway, 
continued from pier to pier; aud where the roadway is on the 
top of the main girders there should be additional oblique stays 
from each of the cross girders, to points near the lower main 
pins of the horizontal tension bars. All theae precautions are 
essential to secure the requisite stability and freedom from vibra- 
tion in the roadway and girdei^ 

(To be concluded in our next.) 

TKE LATE RESTORATIONS AT ST. ALBAJTS ABBEY. 

At the commencement of these works in September 1&60» 
the walls of the north aisle, the north transept, and the nortli 
choir, were buried to a considerable height above the original 
ground level by the accumulation of earth; in consequence of 
which they were constantly damp, and the effects of this were 
visible in the interior, particularly in the north transept, wher» 
the ground rose to a height of about 10 feet above the floor iine^ 
In addition to this, the di:ainage was very defective, and the rain- 
water which fell from the roofs increased the dampness of the 
walla. At first permission was obtained from the then owner of 
tlie land to remove tlie soil for a little distance back from the walls, 
along their whole length; and shortly after this the committee 
wei*e enabled to purchase tlie whole of the land adjoining the 
north side of the abbey, and extensive excavations were then 
made, so as thoroughly to open out the walls down to the original 
level, aud to shape the ground into agreeable forms. By thia 
means the great source of the dampness of the walls was removed, 
and the appearance of the north side of the abbey materially 
improved^ Proper drains are now formed also along the north 
side of the church, by which the water ftx>m the roofs is earned 
off, and the ground at the foot of the walls has been paved, to 
thrown off wet from the fonndations. In addition to this, con- 
sidemble expense was incurred iu repairing and diverting other 
dmius which rnn uudi*r this piece of ground. 

The parts of the walla thus exposed to view were carefully 
repaii^, and the foundiitions underpinned wherever they were 
found to be decivyefl. The walls along the whole north side were 
thoroughly repaired, and the defective parts of the buttresses to- 
wards the west end renewed. During these opei-ations some 
very curious details were found built un iu the aisle walla^ to- 
wards the west end* They consisted of the remains of some ex- 
ceedingly tine tabernacle work, retaining its ancient colouring as 
fresh as w!ien originally done. These are now placed in the 
north-west porch. There were also found proofs of a chapel 
having exists against the aisle in this part, the respond of the 
arch remaining embedded in the wall; thia has been built up, bnt 
in such a manner t!iat it can be easily opened out for examimi- 
tion. In the north aide of the transept there was discovered a very 
singidar donieil chamV>er, constructeil in the thickness of the walL 

At the eastern end, the buttress of the choir-aisle (which 
stands within the newly-purchased grouud* and which wm 
giving way) has been thoroughly restored^ the base mouldinge 
renewetl, aud the ashlar work made good; a fine Perpendicular 
doorway, which had Wen walled up, was opened out externally, 
aud restored, and this will eventually be used as an entrance, 
permission having been obtained to remove a monument which 
now blocks it up. In clearing out this d<x>r many interesting fmg* 
mcuts were disclosed, which are now preserved in the church. 
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The roof of the north aisle, being foand to be quite decayed, 
has been renewed in ite entire length, and stack pipe* have been 
fixedf where ueceasary* along the whole Dorth side of the church. 
The roof of tlio north tranaept, which was in a dangerous state, 
h&& been atretigtheued with new principals, to which the old 
beams have been screwed np and boUed, the old lead has been 
rel&id, and made good; so that the roof is now in a condition of 
aubstantiai repair. 

The works now completed are throughout of great importance 
to the Btabilitj of the building, while the appearance of the 
whole north elevation, and that of the interior of the north ai^le, 
mce very considerably improved. Various other works of the 
name kmd, and scarcely less urgent, are in contemplation with 
respect to other portions of the anbey, and these it is to be hoped 
will be commenced upon forth with. 



THE GAS SUPPLY OF LONDON. 

It ia well known to mast of our readers that, after three or four 
years of agitation, an act waa passe*] in iSOO, at the instance of 
the local authorities^ for regulating the supply of gas to the 
metropolis. That act is now in force, and an exposition of it 
has just been published, with the title *Gas liegislation/ written 
by Mr. Hughes, who was the honorary engineer of the parochial 
delegatos^and took an active part againat the gas companies, and to 
whose exei'tions the obtaining of the act ia in a great measure 
due. This small volume contains a brief history of the circum- 
stances which rendered legislation on the subject desirable, 
together with a copious index and a commentary on all the 
clauses of the act, in which its general provisions are explained , 
itn advantagei are pointodout, and in which we are informed how 
far it falls sliort, in its protection of the interests uf the public, 
of the bill originally introducetl, as drawn up to suit the views of 
the loca! authorities. In the historical sketch of the proceedings 
which led to the passing of the act, Mr. Hughes assumes that his 
readers are acquainted with many particulars that are not gene- 
rally known; and as the struggle between the vestries and the 
metropolitan gas companies — wTiich lasted for nearly four years, at 
a cost to the parties concerned of at least ^20,000 — was one of 
the most important of the kind that has ever occurred, we shall 
tftke this occasion to notice it more fully, and perhaps more impar- 
tially, than in this volume, written by one of the persons who 
were busily engaged in the contest. 

The metropolitan parishes and the city of London are lighted 
by thirteen gas companies, the oldest of which, the Cliartered, 
was established in 1810, to light the cities of London and 
Westminster and the borough of South wark. As gas light- 
ing became more geueral it was fouud that a single company 
was inadequate to afford the required supply, and the other 
companies were gradually formed ; having obtained per- 
mission from the local authorities to open the streets to lay 
down their mains, by offering to supply gas at a cheaper rate, 
especially to the public lamps. Thus in some of the streets in 
London there were as many as four mains of dilferent companies, 
and the inhabitauts had the choice of taking their supply of gas 
from which company they pleased. This competition had the 
deait^d cftect, in combiuation with improv^emeuts in the manufac- 
ture of gaa, of reducing the price rapidly from the original charge 
of Io#, per 1000 cubic feet to 4*. Sd. in the greater part of the 
metropolis, and iu the City to 4*., the latter low price including 
the uae of meters, for which meter- rents are charged in moat other 
partd of London. Much of the competition thus created the gas 
oompanies brought on themselves by not yielding to the reason- 
able requests of the consumers for a reduction in price, and by 
their overbearing cimduct to their customers; for, though in com- 
petition, they combined together to keep up the price. The 
eetablishmeut of the Great Central Gas Consumers Company in 
the City ia an instance in point The City was lighted until 1S52 
by the Chartered and by the Citj" of London Companies, who 
charged 6s. per 100C» feet, and meter-rents. They turned a deaf 
ear to the deputationa that waited upon them requesting a 
reduction in price, and asserted that gas could not be sold remu- 
neratively in the City for less than 6#. The Great Central 
Company was tlien started, under the sanction of the Commis- 
sioners of Sewers, and undertook to supply gas — including the use 
of meters — for -U, per 1000 feet; but before that company could 
come into operation the two companies who had poeeession of the 
City reduced their prices, first to fljr. and then to 4*., with a view 
to prevent the establishment of the new company. Had they 



consented to reduce their charge to 6*. wben applied to, the 
citizens would have been contented; but their obstinacy brought 
a new competitor into the field whom their too late repentance 
could not exclude, and the consequence was for a time nearly 
ruinous to one of the old companies. 

Competition having thus produced important practical advan- 
tages to the consumers of gas in the metropolis, they were not 
inclined to look to its ultimate consequences. It is quite evident, 
however, that the effect of such competition must eventually be 
injurious to the consumers of gas as well as to those who supply 
it. Experience in many towns in the kingdom has prove<l that 
after a while the competing comptinies combine, and then the gas 
consumers are made to pay by increase of price for the unnecessary 
expense of separate sets of works and mains, and separate systems 
of management A combination of this kind took place among 
the gas companiea of the metropolis in 1857. They entered into 
arrangements to supply separate districts, each company engaging 
not to supply gas beyond the district to which it waa limited, even 
though its mains should pass through the streets. This arrange- 
ment oifered many advantages to the public as well as to the 
companies. In the Bnit place, the inconvenience of taking; up the 
pavement to repair diflerent sets of mains or to change the con- 
nections of the service-pipes was greatly lessened; the leakage of 
gas from unnecessary mains was avoided; and the expense of 
management was diminished. Had the districting of the metro- 
polis by the gas companiea been made in a spirit of conciliation 
and concession to the gna consumers, all might have been well; 
but the latter found themselves suddenly, and without permission 
asked, tranaferred from one company to another, like bondsmen, 
and all the dreaded consequences of monopoly were presented 
to them without any attempt to soothe their apprehensions. Not 
only 80, but one of the gas companies to which the lighting of a 
parish bail been tranafeiTed outraged the feelings of the rate- 

Eayers by immediately raising the charge for lighting the public 
impa. This soundei the tocsin of alarm, and the vestries of 
all the metropolitan parishes vociferously denounced the gaa 
monopoly that had been created, and banded together to adopt 
means to release themselves from the bondage of the gas 
companies. As on all such occasions when public indignation 
finds vent in vestries, many fallacies and absmditiea were utterexl, 
alleged giievances that had little foundation were brought 
forward, and the gas companies were abused with a degree of 
violence amounting to absurdity. Deputations were appointed 
to wait on members of the government, and the primd facie case 
presented by the delegates was so strong, that a parliamentary 
inquiry was granted into the state of the gas supply of the 
metropolis. A committee of the House of Commons waa 
appointed in 1858, consisting of five members nominated by the 
gas companies, five by the parochial delegates, and of five nominated 
by the government The committee sat for five days, during 
which three witnesses only were examined^ all on behalf of the 
delegates; when the committee determined not to hear further 
evidence in consequence of the lateness of the session. In the 
following ye^r the committee were re-appointed, but they 
postponed their proceedings on the tliird day, after having 
examined only one witness (Mr. Hughes), in order that counsel 
might be employed in the further examinations, and a few days 
afterwards the dissolution of parliament put a atop to the inquiry. 
The evidence so far as it went failed to establish any case of 
grievance against the gaa companies, and even Mr. Hughes him- 
self admitted that the gaa consumers had nothing to complain of, 
but they were appi-ehensive that they might have if the monopoly 
were continued. In the first session of the new parliament the 
delegates determined to bring in a bill for the regulation of the 
gaa supply of the metropolis, but it was thrown out for non- 
compliance with the standing orders of the House. 

In 1860 the bill of the delegates was again introduced, and 
waa referred to a select committee, of which Mr. Eetoourt was 
the chairman. The effect of the evidence given before the par- 
liamentary committee, and the result of cool reflection on the 
districting arranffementa of the gas companies, had evidently 
produced a oomplete change in the views of the delegates, for 
the preamble of their bill, after reciting the names of the metro- 
politan companies, proceeded to state: ** And the said companie**, 
instead of supplying gas by several mains in the same district, 
have agreed, as far aa possible, each one to confine its supply to 
a separate district, in onier to economise capital, and avoid the 
too frequent opening of the public streetfl; and, «anbj*»ct to the prf>- 
viaions and restrictions of this act, it U ejrpt^ikitt that fuck districting 
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Mkmiid receive the sanction ofpafliammtP Thus the priiici pie of mo- 
nopoly, against which the agitation had firat beeu raiseiJ^ was con- 
oededy aud the fight in committee wad coiifiued to the restrictions 
uader which it waa proposed to place it Duriugthe proceedings the 
opinioDS of the committee vacillated Qrst one way and then another, 
«o that at one time the promoters of the bill threatened to with- 
draw it, because it would be too favourable to the gaa companies; 
and afterwards propositions were made so adverse to the com- 
panies, that their counsel withdrew from the committee-room, to 
reoerve their opposition for the House of Lords. The clauses of 
the bill being then modelled under the sole influence of its pro- 
moters in such a manner aa threatened almost to confiscate the 
property of the gas companiea, the whole joint-stock interest of 
the kingdom took alarm when it was reported to the house; and 
in consequence of the demonstrations made against it, the bUl 
was recommitted. The clau«^ea objected to oy the gas com- 
panies were struck out, and the others were so altered in 
their favour, that the promoters of the bill more than once 
threatened to withdraw it; and probably they would have done 
00 but for the introduction of a clause, to which the gas companies 
oflfered no objection, to the etfect that the expenses of obUiin' 
ing the act should be paid by the Metropolitan Board of Works. 
But for the insertion of that clause all the expenses would have 
been thrown on the promoters of the bill; and as the ardour of 
many of the vestries and local boards had gi-eatly cooled during 
the progreas of the inquiry, those who had made themselves 
responsible for the costs would have been placed in an awkward 
predicament The bill encountered do other serious oppoaitioui 
and it received the royal assent on the 28th of August. 

Of the act as it now stands Mr. Hughes observes: ** Notwith- 
standing all the phases through which the bill has passed, and 
the rocks and shoals on which it so narrowly escfiperl shipwreck, 
the act is still a valuable one, and, if not perfect, contains at all 
events the germ of better and more successful legislation. After 
much consideration and discussion at numerous meetings of the 
delegates, it was resolved, on many grounds, to accept it as a 
whole, and it now remains to make the most of it" The pro- 
visions of the act ai'e based on the monopoly which the district- 
tug arrangement created, and they are intended to regulate that 
monopoly in a manner to render it beneficial to the public. In 
the first pkoe it incorporates the Gaswork Chiuses Act of 1847, 
the most important provision of which is the Umitaiion of the 
dividends of fn^ companies to 10 per cent,, and, if the profits 
exceed that amount, the price of gas is to be reduced. The 
South Metropolitan Company are now in that proaperouB condi- 
ttOD, and since the passing of the act they have reduced the 
price of gas 4d. per i(X)0 feet. The Phoenix Company also, which 
supplies the adjoining district, have reduced their price ^, 
per 1000 feet in anticipation of quickly arriving at the 10 per 
cent, dividends, in consequence of the improved position given 
them by districting. The act fixes the maximum price to be 
charged for common gas, of an illuminating power o0t less than 
twelve sperm candles, at 5«. 6</., and for caunet g»s, with nn illu- 
minating power of twenty candles, 7#. 6rf. per IWK) feet; but no 
advance is to be made on the prices charged on the Ist January, 
1860, unless circumstances arise that will warrant it; the local 
authorities ha^Hng power to dissent from such advance, and to re- 
fer the matter to arbitration. Each gaa company is compelled to 
provide a place within lUOO yards from their works, with proper 
mechamcal apparatus, to test the illuminating power of the gas, 
and the local authorities are required to appoint competeut 
officers, and to provide scientific apparatus to teat the ilhimina- 
ting power ancl the purity of the gaa. It is on© of the ee- 
sential conditions of granting the monopoly that the companies 
are compelled to supply gas to all who require it wherever 
their pipes are laid down; but the com panics are empower&.l to 
demand security for the payment of the gixa consumed, if they 
think proper to require it; and they are also compelled to lay 
down service-pipes to supply any house withiu fifty yards of their 
mains, provided the occupier of the premises contracts for two 
years to pay gas rates to an amount equal to 20 per cent, on the 
outlay. It was one of the grie\^nces alleged against the gas 
companies that they sometimes refused to supply an iucomiug 
tenant with gas unless he paid the arrears due by his predecessor, 
luid this is accordingly guarded against by tlie thirty-ninth section 
of the act, except in cases of oolTusion between the outgoing and 
incoming tenant; and the companies assert that it was only In 
cases where they suspected such collusion that they ever refused 
lo supply gas. 



The clause of the act which assigns separate districts to the 
gas companies, also provides for a triennial revision by the 
Secretary of State, who may alter the boundaries if he think 
proper, after a complaint made either by the Metropolitan Board 
of Works^ by any vestry or district board, or by twenty inhabi- 
tant houfieholders. The districts, there is little doubt, will 
undergo alteration on the first opportunity, because in some 
instances the works of the company are situated ai a great dis- 
tance from the district they light 

The provisions of the act respecting public lighting have given 
rise to much dissatisfaction. The gas companies are compelled 
to light all public km pa, when not at a greater dtataooe apart 
than 75 yards, and they are proliibited from charging a higher 
rate for gas supplied to those lamps than is charged to private 
consumers. The practical effect of tbis clause has been a con- 
siderable advance in several parishes on the previous rates, 
as the gas companiea, exasperated by a great increase in the as- 
sessments on their mains and pipes, have charged the public 
lamps to the full extent allowed by the act on the estimated 
quantity consumed Much difference of opinion is entertained 
respecting the quantity of gas actually supplied to each lamp, and 
Mr. Hughes's recommendation, that the gas should be supplied 
to the public lamps through meters, seems to be the only satis- 
factory mode of determinine the quantity. The application of 
regulators, which baa lately been extensively adopted, has indeed 
greatly diminifilied the irregtilarity of the supply formerly com- 
plained of; for the pressure put on the gas in the mains in the 
early part of the night being always much greater than after the 
shops are closed, the quantity of gas consumed by the street- 
lamps varied veiy much at different times of the night. The 
small regulator fixed a few inches below the burner opens and 
closes the orifice through which the gas passes inversely as 
the degree of pressure, and in this manner uniformity of flame is 
well preserved. 

The illuminating power and the purity of the gas are twc^ 
important considerations in gas lighting, and the Metropolis Gas 
Act provides that the illuminating power of common gas, 
now generally charged 4«. 6d per 1000 cubic feet, shall be such 
that a burner consuming five feet an hour shall give a light 
eoual to twelve sperm caudles of six in the pound. That degree 
01 illuminating power is nearly as high as can be obtained from 
common coal, yielding about 90CK) cubic feet of gas per ton. The 
standard of illuminatiug power of cannel gas, which is supplied 
by some of the London companies, who charge for it 6*. \ytv lOOQ 
feet, b fixed at not less than twenty candles. Mr. Hughes, who 
is anxious to make it appear that the London public have greatly 
benefitted by his assiduous and unpaid labours in obtaining the 
act, states that the standard for common gas is two candles higher 
than that of the gas before supplied, and he estimates that the 
gas consumers have thus gained .£200,000 a year by the additional 
light they obtiin for the siime money. On this point, however, the 
gas companiea do not agree with him, and in the City, at least, 
where the quality of the gaa has for some years past been 
regularly tested^ the illuminating power has averaged more than 
twelve candles. The mode prescribed for testing the purity of 
the gas, Mr, Hughes declares, is so severe that very little of the 
gaa m&nufiiictured in Loodou would stand the test for ammonia; 
and he suggests that the local authorities should yield something 
in this respect if the gas companies will consent to the gas being 
tested at the place where it isconsumed; for the act provides that the 
place of testing shall not be at a greater distance from the gas works 
than 1000 yards. 

The Metropolis G^s Act has failed to satisfy the expectations of 
many of those who took part in the agitation for cheap gas, for 
they find themselves, as reganls price, in the same position they 
were before. What the act does, and what it professes to do, 
is, to regulate the monopoly of the gas companiea, created by the 
districting arrangements, and wi^out which regulation they 
might have used the absolute power thus attained to the preja- 
dice of the public The benefits to be derived from the act az^ 
rather preventive and prospective than immediate. It no 
doubt confers great advantages on the metropolitan gas oompaniee^ 
by sanctioning their monopoly of supply, but if its provisions be 
fairly carried out, it will secure to the public a participation in 
thos^ advantages; and it unites the interests of the supoHers and 
the consumers of gas, by making the reduction of price dependent 
on the prosperity of the gas companies. 
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THE DARK AGES OF ABCHITECTURE* 
Bt J. R SEDDoy. 

I AM somewhat afraid lest by the title selected for this paper I 
raav have hired hither under fftUe pretences sumo mistaken Jovers 
of ilcditeval ai'clii lecture, in the hope of hearing a treatise upon 
their tavom-ite plia«»e of art; — not, I trust, that aoy conld suppose 
I am capable of eudorsinj:;^ the stigma upon it which such terra 
was intended to convey, but it ia possible that some may have 
thought that I proposed to eater the lints in its behalf iu the 
eharjicter of an apologist. Should any have been bo misled, they 
must pay for their mistake by their disappointment, if such tliey 
deem it; for I hold that calumny to have been lone n go refuted. 
The Dark ±\^es to which I am about to refer are quite other than 
Meditv\m], a« far at any rate as architecture and the other arts 
tare coooerned. They are those, the central or midnijijht centuiy 
of whioh — if we may credit the hintorian Carlyle — lacked light 
in other sen sea besides the artistic, being as recarda politica.1 or 
moral honei*ty alao ** bankrupt," — certainly in all mutters of tfiste 
they were steeped iu the deejiest gloom. The pictui*e I cannot 
promise to make iuvitiog* but it ma}' nevertheless bo iu some 
degree instructive, and show us what to avoid, — a lesson not less 
valuable than that which teaches uh what to study and adopt. 

As the Dark Ages of arehitectuie do not then date from the 
birth of the art, they do not iuclude, nor do tliey necessitate, any 
inquiry into the probable form of the wigwam of the pre- Adamite 
man, if any such existed; nor ueetl I trouble yon with any specu- 
lations as to the early efforts of the pre or pojst Noahitea, which 
perhaps somo mifliona of years later may have preceded or fol- 
lowed the fabled tranaitioa of the type of the timber hut into 
that of the atone temple; — for such ea3a3^8 in building cannot 
claim a title to the name of architecture at all, or if any be 
inclined to concede it to them, it cnuld be but as architecture 
in iufftucy. and therefore, even if only babbling by the light of 
nature, not altogether dark nor dead: its glimmerings, if t*at the 
first of the dawn, are surely, though slowly, about to broaden 
into daylight; the men who wrought it were looking forward, 
not bat-kwanl; they were gaining step by step in advance, never 
pausing; one nation taking it \ip where its predecessor left it, 
each meanwhile giving it some individual impress — adding some 
oew thouj^hts to the general stock, and fmung them into a con- 
distent and intelligent whole. 

Thus we may tnice art from age to age, until the Dark Ages, 
and find that it was ever a language wherein men simply and 
Daturally expressed what there was in them to tell, and which 
we may read "with an assurance greater than even that we can 
give to their written records, seeing that there is less likelihood 
of their having been tampered with. 

As from the bowels of the earth our geologists are digging new 
fossil facts, which explain or correct our misreadings of sacred 
writ, 80 our Layards and Newtons are excavating from more 
recent strata actual fragments of buried Assyrian cities and 
mauaolei, in Asia Minor, which in like manner throw new light 
upon profane history, and convict half our cherished traditions 
of being mei-e fabler, putting us as it were face to face with the 
kings, priests, and warriors of those ancient days, which bad 
become to us almost aa obscure as the "mornings and evenings*' 
of the creation, with their wondrous intervals. So it ia with the 
kings of Egypt: their acts, and all they did are chronicled on 
the walls of granite and sarcophagi of basalt lately visited and 
ably described by Prof Donaldson; and, in these days of rail- 
ways, we can quickly re-unite^ — ^in the mind at least — the sculp- 
tures of the Parthenon houseti in our Museum, to their empty 
sockets in the ruins of the temple or the AcropoUs of Athens, 
and so gain a glimpse of that perfectly beautiful art, in which 
the polished Greek sought to represent his ideal of the divine. 

Then the Roman has left us his notions of architectural ahowi- 
n/QSB, in his versions of the five orders; which, whatever they 
may be worth, were his own, until eclecticism in the Bark Agea 
confounded all nationality and propriety in such matters, 

E^'en the Byzantine, in whose hands art seemed to stagnate 
fur a season, wrought out in his unmistakeable manner the 
types tradition handed down to him, and set ihd dome as his 
sign -manual over the crux and each arm of the churches which 
he built on that phin of his — ^"the Greek cross.** 

The Arab, again, had his slim minarets and fretted domes, with 
an array of pointed and stilted arches, whose curves seemed to 
have l>eeEi fflyuiioned after that of his own falchion. 

• Papfir nftd it ths BotaI lutilaba of Briliili Arcliltecta. ' 



The barbarians also, who overturned the Roman empire, and 
settled down upon its lees, gave sense and nerve to the eHete 
nonsense which they found iu the shape of decorative art in that 
Classic land, and thought out for themselves a better (being the * 
proper) way of using the archivolt, and wreathed the tame foliage 
of the Coriuthian capitid into something like the grace and free- 
dom of nature; and told iu their sculptures, without i*eeerve, 
what they themselves believed in, loved, and were amu?ed by» 

Then followed, surpassing all previous efforts, the Gothic or 
Mediafval development of art, the grandest, noblest, and moat 
scientific which the world has seen; for even if, in its restlesss 
strivings after conceptions of beauty, seemingly as infinite in their 
variety as in the number of its works and its schemes for reali- 
sing them, it sometimes overshot its powers; and making not 
sufficiently sure of its substructure, in haste to soar upwards, 
prepared for itself such catastrophes as those recorded of the 
towers of Winchester and Ely by Prof Willis, and that just wit- 
nessed at Chichester; we have yet hutidreds of other examples, 
equally fine, which have lasted fur centuries, and may last aa 
many more. We may therefore still be moi*e thankful for ite 
lofty and noble aims, despite such occasional failures, than for 
the lower, if safer, aims of styles content to grovel near the 
ground, and whose superior science consists in poising huge 
stones upon columns, in ignorance of the principle of the arch, 
whereby the space could be better spanned, and in avoiding 
every chance of thrust, ia oi'der to escape a difficulty which they 
knew not how to deal with. 

Throughout all these several styles not one link in the chain 
was lost, not one lying phase had yet appeare^l. We may appmve 
one more than another — we may find eiTors and backsliding?; but 
no systematic and deliberate falsehood and betrayal of the spirit 
of the age can be found in the whole history of art until we come 
to the Dark Ages. The Greeks seem to have been gifted rather 
with consummate retmeraent than with much originality. We 
cau well see that they admired and borrowed from the ornament 
of Persia and Egypt, but we liave no proof of their having at- 
tempted to build Egyptian Halls in the streets of Athens, or 
sham Caves of Elora about its Acropolis. The Christians, when 
freed by Constantino from the persecution which had repressed 
all their previous efforts, boldly adopted the pagan basilica for 
their churches, and built others after the same type; yet we do 
not find that they att4?rapted to compose them out of porticoes 
copied from the antique, or piled Grecian monuments one above 
another to serve for belfries or campanili. 

It is a question of the greatest moment to us, but one which 
I have not time now to discuss, how it was that the Medieval 
or Gothic phase of art should, after its brilliant and rapid 
growth, have rested so short a time at the height of development 
which it reached, and thence declined with almost equal rapidity, 
till it fizze<l itself away in France in the luxury of "Flamboyant** 
tracery, and in England was strangled in its straight-jacket 
array of the rigid *' Perpendicular," It suffices for our present 
purpose to know that it died from inherent deaiy, and not from 
any assault from without. That this, as every other style that 
preceded it, should have gone the way of all things of earth, 
may be a matter for regi-et, yet not of surprise — and its having 
done Bo is not the question which I have proposed to consider on 
the present occasion; but rather, how it happened that after it 
came **the deluge." We have seen that all previous styles suc- 
cessively rose, culminated, and fell, only to be followed by others 
still more comprehensive; and that each yielded up gracefully 
all that it had added to the general stock of ideas, to be grafted 
into the newer plant, to bud and flourish again with fresh vigour 
and increase of power under a different regime. 

What then necessitates! the arUslic chaos which reigned when 
Medi/eval art vanished I What was the Gorgon's head which 
turned into stone the natural love for and power to originate 
beauty which mankind had hitherto shown in all ages and 
countries? These are the questions to which I am anxious to 
find a solution. The complete quenching of the lamp of art, 
which sooner or later, in the period of the Dark Ages, ensued in 
every quarter of the globe (save where, among the leas civilised 
Oriental nations, it has atagnated until now in considerable de- 
corative purity), is one of the strangest phenomena I am ac- 
quainted with hi the history of the world; and this I desire to 
invite you to consider, in the hope that we may be able to dis- 
cover the rocks upon wbi'ih it was shipwrecked, and that in our 
efforts to float it again we may bo able to steer clear of them. 

The Dark Ages however, or at least the gloom of them, did 
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not oomd &U at onoe. The night, nnlike that of the tropics, did 
not follow auddenly the light of the Mediaeval day. Nay, the san of 
irt aei bo gorgeously that znea were dazzled by the glory thereof, 
and believed that it waa a aanriae heraldiDg a Dew, better phase 
of art, inatead of its being a sunset preluding the loss of the 
beat the world had seen. It bebovea we therefore to linger 
over this threshold of my subject (and not unwilling am I to do 
so, seeinj^ that it is by far the pleasantest part thereot)» and to 
endeavour to trace the lines of its several changes as successively 
they grew fainter and fainter, together with the brightness of the 
evening stars of genius which beamed like a galaxy through its 
twilmhty and even occaaiooally long after the nightfall; until, 
elouoed over at last, utter darkness ensued, enlivened only by 
the false Will-o'-the-wisp phantoms of rococo which have been 
misleading men ever sinoe« 

This period then, upon which I should now dwell, this twi- 
light of the Dark Ages which I have taken for my subject, is 
that generally known as the Renaissance, or the revival of Classic 
art It is true that in Italy, the whole surface of which was strewn 
with fragments of Boman work, Olaaaic tradition seems always 
to have sat like a nightmare upon its architecture: the mighty 
flood of life which seems to have throbbed through the arteries 
of Northern Europe appears to have been checkedin its passage 
through the gorges of the Alps, and to have exercised but slight 
effect below them, and never entirely to have succeeded in sap- 
planting the influence of the antique. It succeeded in doing so 
to the greatest extent in the thirteenth century, and with much 
grace for a time fused the two styles; bat soon it began to han- 
ker again after its old love^ and we begin to find the mouldings 
of ita Gothic buildings becoming poor and weak, and ita parts 
and proportions betraying more of the Classic elements. In 
Venice, wliich from ita position was not so strongly exposed to 
this influence, and which was greatly under that of both the 
Gothic and the Byzantine, we find in the Doge*8 Palace a most 
Tftloable and nervous example of Medieeval building, unsurpassed 
in the boldness of ita mouIding8 and detail; yet, if we consider 
the general aspect of the domestic architecture of that city, we 
shall find little of the variety which was so marked a character- 
istic of Northern Gothic, it being similar in detail to that of 
the Doge*8 Palace that we find repeated everywhere; while that 
of the churches of the Frari, and those of the same date, are 
■tiikingly inferior. In Verona we find another most valuable 
local development of Gothic, particularly artistic in ita treatment 
of coloured material and sculpture: still, an under-current of 
Claasiciam is evident throughout Italian work. In the Cathedral 
of Milan it has debased it so far aa to render it only worthy of 
being a model for confectionary. 

^ In Florence and in Pisa we are so entranced by the wealth 
displayed in their buildings, of painting and sculpture and pre- 
cious coloured materials, that we are consoled for the want of 
pure Mediaeval feeling and boldness in the handling of the archi- 
tectural detail in such works an pretend to be Gothic; and in 
the host of false £a9ades to the churches in the other towns, such 
aa we see figured in the plates of the works of Hope, Gaily 
Knight, and Street, wo see foreshadowed the chUdish shameless- 
nata of sham which mainly chanicterises the later works of the 
Benaiaaanoe and those of the Dark Ages, which ignores the cer- 
tainty of being found out the instant the spectator turns the 
corner of the building. In the Loggia di Lanzi, by Orcagna, we 
find distinct tiuoes of the Homan impost between the columns 
and the arches; while his Or San Michele, in the tabernacle and 
the tracery of the windows, presents us with work we might almost 
mistake for that of Batty Langley* In the pulpit by Andrew 
Piaano, in the Cathedral of Pisa, we see in the figures and dra- 
peries of the baa-reliefs evidences of an already too-abeorbing 
study of the antique, in contrast with the vigour shown in the 
beaata upon which the alternate columns rest, where the sculptor 
haa evidently treated them con am&re^ and rather with the tra- 
ditional Mediaeval feeling; while the capitals of the columns are 
almost as bad as the Roman composite; and the weedy apologies 
for cusped trefoil arches are the only traces of Gothic forms. 

About the middle of the fourteenth century there arose a furore 
for the study of Classic literature (which, indeed, had been more 
atudieii durinfif the Middle Ages than we generally credit^ but 
then in a healthy way, as food to be digested, and not so insanely 
bolted, after the manner of bookworms, aa afterwards) : antique 
manu^ripta became eagerly searched for and pored over by the 
literati: fragments of aaroophagi, and every production of Home's 
l^Tew-road maaoiu' ahopi were studied by aculptors, and voted to be 



admirable precedents; the ruina of the Coliseum, of the templea of 
the Forumj and of the triumphal arches, werediUgeutly examined, 
and their proportions measured, and admired out of aU propor- 
tion with their merita; and, as iU-iuck would have it, a somewhat 
dogmatical treatise upon architecture, by an old gentleman who 
lived during the unpropitioua days when Augustus had just 
atrangled the Boman Bepublic, and who was doubtless a highly 
respectable member of a very worthy professional body at that 
time, was JQst then brought into fashion; and a number of sug- 
gestions that he had made for the oxiidanoe of his pnpils and 
professional brethren, whom be had the sense to see (for he was 
a very sensible man) were not to be trusted to think for them- 
selves, were propounded as a c»>de of laws to regulate architectural 
practice and to serve aa canons of taste. The works of Vitruviua 
have since passed through many perhaps too highly valued 
editions; while a contemporary architectural romance — 'The 
Dream of Polypbolus,^ which is replete with artistic suggeationa, 
has passed through too few. Moat fortunately, the painters were 
not so successful aa the sculptors and architects in their leaearchee 
after ihe antique; and thoroughly can we aympaihiae with Ilia, 
who, in his * Poetry of Christian Ait,' rejoices that no picture by 
one of the celebrated masters of antiquity was brought to light; 
for, says he, " Had this been the case, modern art would hare 
been in possession of a model from which an unalterable rule of 
taste and an unemng theory of the beautiftii might have been 
deduced and applied to painting." It was owing to this want of 
success on the part of painters^ and to their being forced to truat 
somewhat to their own resources, that their art flu unshed longer 
than its sister arts, and that in dying it shone, as the dolphin is 
said to do, with brighter hues than during ita life, casting not 
inconsiderable radiance over the decay of the rest 

It was, then, the unfortunate discovery, galvanising, and 
deification, of the exhumed boneti of the Ckume^ or to apeak 
strictly, Botnan art, which was the veritable Gorgon's head that 
paralysed true and healthy art. Its influence was doubtly fatal: 
first, by substituting precedent for thought; and, secondly, by 
substituting secondhand paganism for Christianity. One result 
of the und ue regard for precedent waa, that the peopte (for whom 
artists ought to paint, sculptors to carve, and architects to build, 
rather than for their own compeers)— caring comparatively litUe 
for the defiiced bas-reliefs and nroken columns, whose stories had 
become obsolete, and whose purpose was uninteUigible to them; 
and the subtle mysteries of proportion being beyond their com* 
prehension, or at any rate but a small compensation for the loss of 
the human interest and phonetic power of the class of building* 
to which from Medieval times they had been accustomed — began 
to lose all interest in the works which they saw rising around 
them. They found that these very learned architects shot com- 
pletely over their heads; and that, when they asked for artistic 
breads they got naught but stones* Certainly we do not hear of 
bed-ridden old men asking to be brought daily to look upon any 
of the master-pieces of the Benaissance, as had been the case with 
the campanile of Giotto at Florence; for, in truth, theirs are not 
" bright, smooth, sunny surfaces of glowing jasper'* — they have no 
"spiral shafta and fairy traceries'' for the eye to delight in; but 
rather uncouth, rugged, prisonlike rusticated walls and frowning 
cornices, such as those of the palaces of the Strozzi and Ricardi At 
Florence, and of the Farneae at Rome,, which plainly told them 
"we were built to keep you out " And even if any from the love of 
novelty should in those days^ as some, I am aware, from the force 
of prejudice have in these days, turned from the Doge's Palace and 
St. Markka at Venice, to the oontemplation of the Library, bv 
Sanaovino, on the opposite side of the Piazzetta, one would think 
that when the natural surprise at aeeing so many almost identical 
females, angelic by virtue of wings alone, somewhat awkwardly 
cramped into every pair of spandrels through out the building, had 
subflided; and when sufficient pity had been bestowed upon the 
Cupids in the frieze, each condemned to bear in symmetrical balance 
on either side of him a swag of flowers altogether too heavy for hia 
size; that the proportions of the building, admirable though they 
may be, would not detain a apectator long after he had exhausted 
the iconography which is so happily suggestive of ita literary 
destination. The consequence of all this was, that the public 
ceased to ask for pleasure or instruction at the hands of archi- 
tects; and ihe latter forgot that it was their duty to tender it^ 
and, AS if in revenge, hedged themselves about with a set of ruleo 
(the observance of which could, of course, only be appreciated by 
the initiated), in oblivion that art should "pierce directly to the 
simple and the true/' 
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Bat the lubatitution of secoDd-haiid paganism for Cbriati&niiy 
was even more Csktal than the slavish adherence to precedent It 
10 absolutely iiupoaaible to produce good work without faith in 
wh&t one is attempting to realise. la such faith bad lain the 
strengtb of the earlj painters, in whom we can excuse shortcomiBg 
in their powers of execution for the sake of the purity and earnest- 
ness of their aim ; for, while men wrought in the spirit of the 
statement of Buffaimacco^ recorded bv Vaaari — viz. " we painters 
occupy ourselves entirely in tracing saints upon the walls and on 
the altars, ia order that by these means men may, to the great 
despite of the demons, be drawn to virtue and piety f* — and so 
long as tbe intention of works of art remained the same as that 
named in an inscription over the doorway of St, Nixier, atTroyes, 
viz,, that three windows had been painted ** poor servir de 
cat^hisme et instruction du peuple/* — we may foretel their 
iiiocses% and that step by step they will overcome the ditBculties 
and technicalities of their profession without the aid of infallible 
precedents from the antique. But when they began to pander 
their art, at the bidding of princely patrons, to the representation 
of the labours and loves of Hercules and Venus, and other of the 
gods and goddesses of pagan mythology, we may as easily pro- 
phecy that, notwithstanding such splendid genius and wondrous 
powers as those of the artisU who congregated around the corrupt 
courts of Leo X, and the Medicisi, the system has become rotten 
to tbe core — the lamp is but flickering with an unhealthy excite- 
ment which but preludes the extinguishing of the light altogether. 
Such was the fact which ensued. The very prowess of Eaffaelle 
and Michael Augelo seemed to prevent their successors from making 
use of the powers they undoubtedly possessed. They prated of the 
composition, the drawing, the colouring, the chiaroscuro, of their 
great masters, and humbly strove to follow them with such auc- 
oess as they were able to command in these parttsulars; but they 
■eemerl, in their struggle after the meann of art, to forget the true 
object and end of it: and one may commend their diligence so long 
as they confined themselves to the representation of subjects from 
profane history or mythology; seeing that it ia of comparatively 
slight importance whether Alexander or Darius be caricatured or 
not in a picture which pretends to no accuracy, even in costume; 
or whetiier Juno or Venus appear questionable in point of 
character, if not of beauty, seeing that no one is called upon to 
believe in either their existence or their virtue; but one cannot but 
regret the misapplication of their etiforts to represent the persons 
or scenes of sacred history. Thus, Caracci was far better 
employed upon his famed Butcher^a Shop, than upon bis Three 
Mmts, weeping their crocodile tears; and Guido upon his Aurora 
amidst the clouds, for the future admiration of the dozen or so of 
devoted students who may always be found copying the same, to 
the not very evident advantage of modem art, than upon his 
sentimental Madonnas and Ecce Homos. 

I have dwelt longer upon the effects of the Benaissance upon 
the painters than u|K)ii their brother artists; because, as I have 
•aid, from their fortunate failure in ^ding Classic models, and the 
consummate exceilence of someof their craft, the meteoric brilliancy 
of their fall was the more striking, and the warning it conveys 
DAoeatarily the more patent; nevertheless, the same fate befel all 
the other arts, incltiaiug that with which we are more nearly 
concerned, and to which my waating space warns me I must now 
o^mfine myself. 

Let any one who would Question what I have advanced, or who 
dariret to study Italian arcnitecture, and the end to which it led, 
io a simple spirit of common sense^ take up Quincy's * Histoire dea 
Architectea,' and turn over the plates in their sequence: the first, 
representing the cathedral at Fisa, the work oi Buschetto, in 
10631, and the few next in order, he would find clearly demon- 
strating what I have stated as to the trammels by which, during 
even the Mediaeval period, the attempt to inti-oduce into Italy the 
architecture which was then flourishing beyond the Alps was 
restrained by the natural predilections for the antique. The plan 
of this cathedFal — ^that of the Latin cross — its apsidal ends 
(reminiaoences of the fatherland of its architect), its clerestory 
and ranges of arcades, and the Byzantine feature of the dome over 
the crux, ai^ insufficient to conceal the preference for the horizon- 
tali ty of the Classic school, or to excuse the mesalliance of tbe 
Roman order with the arch. This latter is seen still more 
uncouthlv in the baptistery by Dioti SsJvi, in 1152, where gables 
and croclcets parodied from the Gothic are added. However, the 
fusion of the two elements, with greater skill, and so much b^uty 
of proportion and treatment of precious coloured material as to 
demand admiration as a style |i«r #^ are represented by the works 



of Amolfo di Lapo and BruneUeschi in the cathedral, and of 
Giotto in the campanile, at Florence, 

In the palaces of the Medici by Michelozzo, and of the Strozzi 
by CroDa<», at Florence, we seem to lose sight of the desire to 
please which the other buildings I have named show by their 
unsparing luxury of marbles and mosaic and thoughtful delicacy 
of detail throughout; and are made acquainted with the stern 
grandeur and air of shrug-the-shoulder atfected by the turbulent 
and seliish Italian nobles of the fifteenth century in their fortress 
palaces, which however still depend for no small nor inferior 
portion of their effect upon the almost Gothic treatment of the 
windows, together with the (to my mind) exaggerated fi^wn of 
their heavy cornices of Classic type. 

Then painfully evident is the study of the antique in the 
correct proportions, but tiresome monotony, of the arcaded aide 
of the cnurcb of St. Francesco at Rimini, by Albert!: each arch 
with its precisely simitar sarcophagus, and each pier with its 
rectangular tablet like a })icture-frame, each spandrel with its 
circular panel like an immorteile; — strangely commemorative^ 
but hardly symbolical, of the career of the restless Sigismond 
Malatesta and his generals, who were probably not all cast in 
the same mould. How differently sucn a theme would have 
been treated in Gothic hands, lot the monument of Aymer de 
Valence and its neighbours in the choir of Westminster suggest^ 
or the tombs ranged along the aisles of the church of the Frari 
at Venice. 

In the Palazzo Pandolfini at Florence we must needs bow 
to the consummate feeling for prt'>portion wherein the genius of 
Eaffaelie is portrayed; though I think we cannot but regret that 
he did not, as he might so well have done, give reins to his 
imagination, and treat us to something a little more phonetic 
than alternate segmental and triangular empty pediments. Yet 
if we dare not do other than confess their perfection, we may 
plead that sufficrient changes have since been rung upon this 
slender theme, with alas j too seldom the name plea of admirable 
proportion for an apology which this building and that of tbe 
Palazzo Farnese at Kome can undoubtedly put forward, 

Tbe dbtiuctious and merits of this Florentine and the Boman 
and Venetian types of the Benaissance have been so well ex- 
plained by Mr, Garbett in his *Eudimentary Treatise on the 
Principles of Design in Architecture,* as to render it unnecessary 
for me to do more than refer an inquirer to bis remarks on the 
subject; and simply to note, in following our present author, 
that we find as examples of tbe second class the works of Giulio 
Bomano at Mantua, and of Michael Ancelo at St. Peter's,^ 
honourable of course, to a greater or leas degree, for proportion, 
but generally contradictory of truth, in ignoring the necessity of 
floors in buildings by the use of single gigantic orders of pilastera 
for their exteriors, and for the metnod of veneering the same to 
their (A9ades. Triglyphs, from the examples I iind in the plates 
under examination, seem to be the main if not the single idea of 
decoration; and for the pertinacity with which so happy a feature 
IS kept before the mind we ought, no doubt — though I own my 
inability — to be truly grateful. 

Of the Venetian type, by which I understand the decoration 
of each floor by an exterior order, we have the Libraiy of 8t, 
Mark,, by Sansovino, at Venice, of which I have already spoken; 
the Villa of Caprarola, and the Palazzo del la Ragione, at Vicenza. 
But though we have not the noble Palazzo Grimani at Venice, 
by San Bfichele, nor any of the picturesque painter-like concep- 
tions of Longhena, such as the Palais Pesaro at Venice — which if 
not BO pure in detail commend themselves to me for artistic 
grouping and conception before most of the ordinarily idolised 
Italian buUdings^ — these Venetian works, with their pomp and 
luxury of effect, their successive orders of columns, constant use 
of coupled columns, depth of recess, and richness of detail, seem 
to typify the vanity and love of parade of the age which gave 
them birth, and which preluded the downfall of the city they 
adorned. I do not remember ever to have been struck more 
forcibly with the character that architecture can present than by 
the puerile vanity shown in many of these fisi^es in Venice; for 
while the old Moorish and Gothic palaces, marred as they slnKwt 
all are by later incongruous additions and insertions, though 
comparatively modest and unaffected, have sensible fronts, more 
richly arcaded and decorated of course than the sides, ret in 
harmony therewith, so that they are one conception and con- 
struction — these fronts of the Renaissance buildings are all sepa- 
rate show fa^es, stuck as it were before a buildins of totally 
inferior and distinet oharacter, just retnxiied round Uie angle a 
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few foet to Pave appeamnces, which of ooarae ia found out m 
ftoon as one h«s tnmed the coruer. 

Such are the three gi-and types of the R4?nai8»ance architecture 
of Italy* as developed principally in Florence, FLome, and Venice, 
and wlience spriing tlie architecture of the Dark Agea to which 
the j*lAte»* nf the second vohime of Qaincy introdoce ns^ but oil 
the serie.H of which I have neither time nor patience to follow. 

Fruru Italy the Ilenaisi^ance spread into France, a result doubt- 
less hxsiened hy jueana of the Italian wars of Charlea YIII., 
Louis Xn., and Francis L; but at first the native workmen 
merely applied the more ornanientrsl ^ v» ♦ > their own Gothic 
work, as in tjie Chateau de Blois. fly they developed 

it into a style of their own, of which * i and Chenonceaux 

are amon^ the moat favoui-able speri may l>e described 

as cotjsisting of the application of pii; re or less enriched, 

aa surface decoration, and these are in fact m&4.Ie to do the duty 
of the huttresaea wluch were so profusely employed in Flamboy- 
ant Tiiere is much beauty in this style, which was the work of 
French architects, and became naturalised in their land. It ia 
very artistic, and lesa insolent in its display of barren proportion 
— it gives sometlung more than that hunk of art At the same 
time, it ia, like all lleuaisaance work, radically wrong and incou- 
Bistent as architecture compared with the real styles. Its very 
notion of ornament is something added to and independent of 
the construction. It is highly nicturcsuue, but generally exagge- 
rated in its grouping and skyline, anti combinations of turrets 
and high roofs, — its best feature^ which it borrowed from the 
Gothic 

In the latter years of Francis I., ItaJian workmen and architects 
were imported into France, and were employed at Fnotainebleau. 
They introduced a great modilication into the style, partaking 
more of the Classic feeling; after which, as was natural, it rapidly 
deteriorated, and passed through the phases of the style of Ijouis 
XIV,, set forth in the pages ofLe Pautre, redolent of gilding and 
paraxle: thence it sank, in the times of Louis XV., into that vicious 
and emasculated style which has earned the sou briquet of '* rococo,' ' 
in which all the grandeur — manly, if somewnat heavy and 
impure — of its predecessor gave place to an elaborate triBing 
with florescent knucklebones, in curious combination with a spe- 
cies of shellwork, — altogether an idiotic piece of busiDesfl, which 
we miijht dismiss without a thought, save of scorn, were it not 
that this in the depth of the Dark Ages was the very Will-o*-the- 
wiap which architects and decorators danced after, and upon 
which, even so late as in the OreJit Exhibition ©f 1831, most of 
the productions otcivUh:ed nations were based; so that one had to 
turn to the works of the barbanmiA of the East, as to an oasis of true 
art, to refresh one's eyes with. Whether or not in tlie intenal 
our e0brts to imitatt^ these, on the one hand; and to teach the 
Cliinese Palladlan plasferwork, to smash palaces in Pekin, aud to 
loot at Delhi, on the other, may have turned the tables, we shall 
ahortly learn. 

The course run by the Renaissance in England we may take up 
at the period of Elizabeth; when, the political troubles becoming 
»ettle<l, men were able to turn attention to art and architecture. 
For a long time the traditional construction and plan and the 
mullioned windows held their ground ; but coai'se bad Pagan mould- 
ings were introduced as improvements, and an equally coarse sort 
of adaptation of French ornament was developed into a convenient 
store of preoedejits for the Dark Ages. Stone was made to assume 
the appearance of cardboard, cut aud curled; and monstrosities of 
•fvery descriiitiou were delighted in. 

This Kiiziibethau style was that which in England combined 
the features of the decaying Gothic with those of the revived 
Classic; and, though less retined in detail than the contemporary 
work in Italy and France, was perhaps the most vigorous and 
picturesque. In time however, here, as on the Continent, the 
Classic element conquered in *the struggle: purity of style and 
correctness of proportion, in imitation of Boman precedents, 
were the objects architects set themselves to attain;— and so were 
ushered in **the Dark Ages." Yet many revei^d names there are 
among these architects, from whose reputation I desire in no 
degree to detract: I only lament that their lot fell not in better 
' - What I seek to show is, not that Inigo Jones, Wren, 

.^moor, and Vanbrugh were not great men, but that they 
]| t)io ^p:^ater for having wrought out bo much that is grand 
.1 1 1 J: 'III elements lacking these qualities themselves, and 
..,...*j, wIru their genius wfia withdrawn, resolved themselves 
i&Ui the monotony and lifelessnet^'s inherent in them. Of the 
l^roes who led tbia forlorn hope, Inigo Jones was the ^t and 



best The proportions of his design for the portion of the Palace 
at Whitehall which was carried out are as raierally admii-ed as 
they are known; but as it has been us^ as a precedent for 
myriads of aci"obatic pilings of orders above orders, and breaking 
the entablatures over to give them some appearance of utility, we 
need the less regret its not having been repeated by himself, tt is 
strange that one who so thoroughly appreciated the irafHirtance of 
purity and consistency in the style m which he worked himself 
could have so little regard for the same qualities in other styles, as 
to have built to the old Gothic cathedral of St, Paul's an incon- 
gruous pagan porch, and refaced the transept end in a manner which, 
fortunately for his reputiition, lives only in tradition. This also 
has been much lauded for its proportions; but, from the representa- 
tions of it that exist, I confess I cannot regard it with enthusiasm- 
That it was however simply K-irbarous, as an adjunct to a 
Mediaeval catheilral, we may I think assume, from a comparison 
with the etfect of the alterations made by another architect, who 
was not otherwise than a shining light among the eon<st4?llation« 
of the Dark Ages, to another of our cathetlrals, I mean tho>e 
made by Wood, of Bath, at Llandaff. Now, the works of thi« 
architect at Bath are by no means bad of their kind, aud would 
not lead us to suppose that he could have been guilty of the 
atrocities which 1 fear can with too great truth be laid to hi* 
charge; any more than we should believe, upon less certain docu- 
mentary evidence, that Inigo Jones had maltreated in a simil tr 
manner the fa9ade of St. Paul's. Of the alterations to Llnndail' X 
have enlarged the illustrations *given by the Bishop of Llandaff in 
his work upon that cathedral, showing the design "as it waa 
proposed to finish it;" and we Icjim, from contemporary letters 
quoted by the Bishop, that it was projiosed to pull down the two 
western towers, and raise one over the front or the nave, as se^i 
in the design, and "then to finish with a rustic porch." Mo«t 
fortunately the solicited contributions of the faithful were not 
sufficient to enable them to realise this conception. We leara, 
however, that they succeeded so far as toinsei-t "windows framed 
with woo<l of another sort, which will come vastly cheaper and 
look as well as the Cathie," and to finish the interior in *'stiicco** 
to their own satisfaction; for the same letter states^ "that the 
church inside, as far as it is ceiled and pla-stered, looks exceedingly 
fine, and is a very stately and beautiful room." 

Sir Christopher Wren had by no means the same artistic feel- 
ing as Inigo Jones, though greater mathematical powers and 
science in construction. As an architect he had gnkleu opportu- 
nities in the rebailding of the city of London after the fire of 
1666, and he had the genius to ^apple with it in an engineering 
point of view, and architecturally also, so fer as it was possible la 
the style with which unfortunately he had to deal. Tlie manner 
in which he did this has been so lately thoroughly set forth by 
Mr, Kerr, that I need not here enlarge upon his works ; the 
more so, as my purpose of showing the thorough intractability of 
tlie style, which even his talents could not overw>me, is rendered 
self-evident by the following remark, which I venture to quote 
from that gentleman^ lecture on the subject. Speaking in refe* 
rence to the double dome and screen walls of the nave of St. 
Paul's, he says — " They are at least the makeshifts of marvellooa 
ingenuity and still greater artistic p€>wer: they are falsities, it is 
true, but they are those of a master-mind — they are no commoo, 
vnlgar fibs, but grand lies of genius " Now a style that necessi*^ 
tates lying — which requires " marvellous ingenuity and still 
greater artistic power" to conceal awkward roofs and bnt tresses, 
at the cost of making one-half of a building a huge sham to 
render the other half tolerable^a, I think, fairly to be said to 
belong to the Dark Ages; aud that Mr, Kerr's estimate of the 
makeshift ia a correct one, my reminiscences of a church in VenioB 
by Pallid io, the roof and buttresses of which had not been con- 
cealed by such ingenious means, yet which seemed to call loudly 
for a similar friendly slielter, will enable roe to corroborate. 

The group of the City spires and the towel's of WestmioBier 
Abbey, are conceived and massed with great talent and a true 
feeling for what is grand and picturesque; yet such horrible 
details, such a substitution of the queerest pots and jars in th© 
place of pinnacles; that it is necessary that one should ha!f-ab at 
one's eyes to enable one rightly to appreciate their outlines; and 
as such orcj after all, borrowed from the older Mediaeval steeples, 
one would really rather open one's eyes, and see true Gotliie 
steeples, with proper detail as well. The thin leaden spm «f 
St Martin's, Ludgate-hill, is, as a composition, righly placed in 
contrast to act us a foil to the dome of Bt Paul's; bat in itself 
is surely no beautiful object. 
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Time faila me to describe other of Wren^s works, or those of 
his Buccesaora who took up hia mantle — of Hawkamoor, Ymi- 
bruglj, or Chambers, and the rest of the baud of tlmt furlorji 
hope, despite whofie efforts architecture aauk down gradually to 
the uttermost depth of degradation, when the idea of associated 
English hoTuea w/is the monotonous dreary walls of Harley- street, 
aad such like— wherein Sham reigned triiinipharit from pakce 
to terrace, in plan, conatrnction, and deof^mtion alike. Art and 
architecture became absolutely dark or dead; and copies or paro- 
dies of the works of other days were all that was attempted. The 
only merit that can be claimed for them it», as usual, that of 
** proportion," — an element certainly so essential that there can 
be no architecture without it, yet one the exclusive praise of 
which is a sure sign that there is little else to praise; just as 
the most sarcastic thing you can say of a man is to laud too 
bighly his good-nature j the meaning of which usually is, to sug- 
gest doubts as to his sanity. To wade through the works of 
this dreary period, either fur the purpose of deaciiption or repro- 
bation, woultl be a task the uucoimeuiality of which, together 
with the undue length to which 1 find I have extended what were 
inteude<i to be prefatoi-y i-emarks, ujust be my excuse for now 
shirking what might appear to be the subject I really undertook 
to treat upon* 1 canttot but own however that it in with some 
8atisfacti«>a that I find the ordinary limits of a paper reached 
without t!ie necessity of an inquisitorial journey into the City 
for examples to criticise, Tn the fii-at jihice, I am spared the 
necessity for becoming spiteful; in the next, a chilling? reiumia- 
cence of the interior of St, Paurs indisposes me to revisit it until 
it shall have assumed — as we trust it soon may — all over, and 
Dot here and there only, in the able hands of our honomry Secre- 
tary for Foreign Correspondence, richer hues, akin to those of 
6t, Mark's at v en ice, since we are promised the use of the same 
materials for its decoration. Then it might have become incum- 
bent Mpm me, however disagreeableT to sketch and measure the 
oxtraortlinary sham portico set up by Sir John Soane at one end 
of the court of the Bank; to match — according to a favourite 
notion in the Dark Ages — a real one at the ottier. Again, I hud 
feared that it would be necessary to study the Interior of Sir 
John Soane's Museum; which otherwise, not having a fancy to 
become a candidate for residence in that stiTvugii eclectic curinsity- 
shop, I had been conteni to seek amusement from in the illus- 
trated catalogue of its contents. 

I had also been afraid that it would be necessary for me to 
search and see how far I could agree or not with L«ird Palmer- 
8ton in his admimtion of the several huihlings which he was 
pleased to call Italian; and, as the Horse G-uarda was one 
Bcheiluled in his li-jt — the only pleasant features of which, to my 
mind| are the .«entriea in their uniform, who sit, like gorgeous per- 
aonitieations of ** Patience,'^ inside, instead of **on a monument," 
— ^the protjpect, I assure you, atforded me slight satisfaction. I 
find myself also obliged to omit all consideration of the interest- 
ing <^uestion of the Iconography of the Dark Ages; and all research 
into the origin of the type of cherubs who smile and weep in 
convenient alternation upon keystones; or into the meaning of the 
lions' heads wht^nce dangle flowers to fill up panels; or into the 
purjjose of the sundry pots that affect all high places. The quea- 
tion also of the Polochromy of the Dark Ages 1 tind myself obliged 
to omit or po8t[>one, unwillingly, because on this subject much 
instruction might be drawn as regards what should be avoided. 
The main ambition on this point seems to have been to keep on 
the safe side; and ^nje colours which c«juld do no harm, and 
whitewash, reduced the interiors of buildings to a similar condi* 
tion of monotony to that we have remarket.! in the exteriors. 

However, about the close of the last century, there appeared 
to be commencing a salutary "shaking among bones'' (to quote 
Again the phrase of Mr. Huskin) in an artistic as well aa in a 
political sense; and though it seemed for some time di^Qcult to 
discern whether tliese were real evidences of resuscitation among 
them, and whether such shaking were likely to bring any flesh 
upon them, we at this period of time are able to perceive (at 
least we flatter ourselves so) that, through all the restless changes 
which have ensued in the successive fashions of copy ism since 
then, there has been, beneath the outer garb of Greek and Eliza- 
bethan, of Koman, Florentine, and Venetian^ Kemiissance or 
Mediieval revived styles which have met the eye, an under- 
current of healthy struirgliug tn attain independence. Juat 
before the Exhibition of Itiol, in anoiher lecture, I aaaertcfl my 
belief in opposition to that of the author above quoted, that not 
booes atoae were being shake n^ and that we were upon a suro 



if alow route to progress. The coming Exhibition of 1862 will, 
it is to be hoped, by its contents if not by its cnrmifi^ afford 
anuiher favourable opportunity for taking stock, and auother 
starting- [loint in the road of progress. 

What colours are the best hi fight under in the future straggle for 
the advancement of architecture in which we shall be all engaged, 
I must leave to tlie conscience and calm consideration of each. As 
to what style may be the best to develop into a heidthy, manly, 
Christian, English, Victorian, architecture, I presume not here 
to dictate, since we difler in opinion on the auhject. It is well 
that we think not all alike, and are not content, as in the Dark 
Ages, like sheep to follow blindly a leader in all things. But let 
us tight out the battle, if battle it is to be, in a legitimate and 
friendly way; without deputations and special pleading on the 
one hand; yet without fear as to throwing stones, because both 
parlies live in gliiss houses, on the other hand. Let each be 
thankful to the opposing side for pointing out its weak places^ 
and turn manfully to repair them. There are plenty of what my 
friend Mr, Biirgei* calls unneceds.iry *'i3zzings and crockets" and 
show buttresses, as well as vases and rustications an<l sham 
pedtmenta, which njay be offered up in a holocaust together; 
while there is equ:d room for each party to endeavour by prac- 
tice to prove what their champions have been so vehemently 
asserting — viz, tire capacity of their favourite style to admit the 
highest art in painting and sculpture; and thus, whichever aide 
conquers in the fi*iendly struggle, both mav rejoice alike, and 
the monotony and fullies of the '* Vernacular^* styk*, as Mr. Scott 
calls it, which has deacemled to us as a legacy from the Dark 
Ages, be left to the speculating builders who delight therein. 



In the Discussion — 

Mb, Fapwohtk observed that Mr. Seddon was not alone ia 
depreciEiting Vitruvius, He however was inclined to aak. how 
many copies of Vitruvius were in MS., or known to exist? and 
who made them ? The majority of copies were not of the thir- 
teenth or fourteenth century, but of the twelfth, eleventh, tenth, 
and ninth centuries. His belief was, that if a little attention 
were paid to the subject, it would be found timt the Mediteval 
architects of the eleventh and twelfth centuries thought that they 
were following Vitruvius as closely as they could. He wislied 
to know who it w}us had taught the architects of the Middle Ages* 
Among the records and muniments of Italian cathedrjils constant 
reference would be found appealing to some nnkuowa autho- 
rity, and he believed that that authority was Vitruvius, 

Mr BuROBS said he had never met with Vitruvius in Mediaeval 
architecture. All he knew on the subject wus* that he had not 
been able to trace him in eleventh, twelfth, or thirteenth cen- 
tury art That he was extensively copied, however, there could 
be no doubt, and so were Ovid and Horace. 

Mr. Godwin said he did not df sire in discuss the wide question 
opened, but he thought it right it should be understood th«t all 
present, though silent, did not concur in wh.'U, as it seemed to 
him, must be considered a general sneer at the great minds who iu 
the sixteenth century — the period of the Reformation^ — the period 
of Bacon — had aided the world in the awakening of thought 
He oould not call that a Dark Age. 

Mr. Seddon said he thought he had a perfect right to express his 
rooted convictions — convictions which he had always endeavoured 
to propound, because be believed all the hope they had of good 
architecture for the future lay in their oompreLensioa of tuese 
points. 

Mr. Kji^KR said there was, he thought, something more ia the 
revived Italian architeoture than Mr, Seddou was prepared to 
admit. The human mind never worked without materials; and 
it was absolutely necessary that at the period referred to it must 
have returned to the remains of Classic times. The huuiau 
mind, turning to the remains of Classic Rome, found a system as 
different from that which had perished aa could possibly be. Jt 
found in the remains of liomaii architecture, sculpture, poetry^ 
philosophy, and history, examples upon which it could with great 
credit to itself rely, under the circumstances in which it waa 
placed. These remains were ad/vptable to the wants and circum- 
Btivnces of the time; aud nothing could have been more appHciibl*^ 
to the cravings of the human mind when the Cktthio had died away 
and left mankind in the lurch. How couM the human mind 
have better formed a new style than by referring to these struc- 
tures? and how oould we m our day behold tbeoi without believ- 
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lug that the men who reared them wer« great raeui and that the 
age in which they lived waa not a "Dark Age ?" How, he aaked, 
Could they look at the works of Michael Angela and Kaffaelle, 
and say that they lived in a Dark Age ? Why, we, who honsted 
that we lived in the light, were hut paoies compared to them. 
History had its tale to tell, and it was predestinated. 

Mr. Hayward said he could not hut approve of the fearless 
nmuner in which Mr, Seddon had stated his view. The entire 
giat of his paper lay in this consideration — what are we to do in 
the present day? He thought that^ with a certain amount of 
common sense and true architectural feeliog, it mattered very 
little what an architect studied, where all the styles were open to 
him. He did not mean to infer that this remark would apply in 
a case where a particular style only was known; hut now every 
atyle was open to the student, and, in days like these, when ar- 
chttr>logical Hocieties threw so much light on the past^ it was, he 
belli, of little consequence in what school the architect studied; 
for, if he had a true architectural feeling and tsiste for the beau- 
tiful, be would be sure to produce something which would be a 
step in advance. It was, he thought, only necessary to cast one*s 
eyes around the metropolis to see that great progress had been 
matle even within the last ten yearu. In many piirta of London 
and in the suburbs odd bits of carving or an arch would bo 
found which ho believed would be the landmarks to the date of 
that particular development to which we were looking forwanl 
to as an improved age of architecture. There was also a taste 
springing up for pure and useful construction, as evidenced in 
the use of polished granite, fine stone, and improved meUdwork. 
All these things afforded, in his opinion, ground for cougratula- 
tion, and he thought that when a person like Mn Seddon, who 
expressed his own deep-rooted opinions, came forward and ex- 
pressed them boldly, he was doing a service to art. 

Mr. DiOBY Wyatt said, that with the conclusions arrived at in 
the paper he was unwilling to entirely concur: its author had not 
iitiled to render a just tribute of admiration to much of the art 
of the ancients. He was, he admitted, unable to trace the logical 
consistency of a writer who, while admitting so much, stigmatised 
as Dark Ages those in which an honest and most vigorous effort 
had been made by many of the choicest spirits the world had 
ever known, to preserve and adapt for use by the modfrna all 
that they could reacue from oblivion amongst the mouldering 
relics of antiquity. If men were to dispassionately examine what 
raally constituted the basis of much of the beauty of Gothic art 
in the thirteenth century, it would be found that Classic impres- 
sions reigned among the *^magigtri opej-um" not in the dogmas 
of Vitruvius alone» but in many technical traditions derived from 
Classic times. Mosaic, enamelling, the masonic art, and fresco, 
and other modes of applying colour, for instance, were handed 
onwanls from the earliest period; and when they remembered 
how grand an adtlition sculpture gave to architecture in the 
best periods of Gothic, and the extent to which Nicola Pisano 
and the other great revivers of the art built upon the monu* 
rnent^ of ancient Greece and Rome, they could form an estimate 
of how much Mediieval architecture was indebted to the Classic. 
If, for instanee, the sculpture on the old monuments in the south 
of France were referred to, it would he found that it was not 
pure, because it was far removed from the source of inspiration. 
If, on the contraiy, we approached the monuments of districts in 
wliich the more spiritual element, based as to all that was 
really valuable on the traditions of the antique, !iad prevailed, 
we should find the highest class of art. So too with regard to 
painting: those who came after the masters of the art of illumi- 
nation, adopting general Mediceval characteristics, such as Fra 
Angelico da Fiesole or Gentile da Fabrione, Ctmabue, or even 
Giotto, were very admirable in their way, but they never ap- 
proached to the grand style of those who succeeded them. What, 
after all, were they to compare with RafTaelle, Leonardo da Vinci, 
Quini^ Michael Angelo, or Titian ? He confessed he was surprised 
to find Mr, Seddon apeak in terms of dispai-agement of an age 
which produced Ruch men. It was not enthusiasm nor feeling 
for art which Mr. Seddon lacked, but it was a reverent and 
catholic spirit that was wanting in him. It was not desire to 
excel, nor originality that he required, but breadth and strength , 
flexibility, and the power of eliminating beauty wherever it 
might eiist, without^ prejudice or bias. 



INSTITUTION OF 2liECHANICAL ENGINEEES. 

Sir W. Armstrong's Address. 

Thk annual meeting of the Institution of Mechanical Engineers 
was held on July 31, at Sheffield. The President, Sir William 
Armstrong, in delivering the inaugural address, made the follow- 
ing remarks! — ■ 

** In glancing at the history of mechanical scienca during the 
last eighty years, we see how entirely our successes have been 
based upon the possession of that metal with which the Author 
of nature has supplied us in the greatest abundance. Without 
iron all our skill and ingenuity would have resulted in com- 
parative nothingness; and had it not been endowed with that 
singular property of hardening by sudden immersion, after pre- 
vious conversion into steel, we should have been deprived of the 
means of cutting and shaping it to those accurate forms which 
our mechanical constmctionB require, Its property of welding is 
almost equally essential to its utility, and the combination of 
these remarkable qualities in one raetal, coupled with the fact of 
it^ natural localities being genendly identical with those of coaly 
affords the most striking instance of adaptation to the pnrpoaes 
of man that can be found in the mineral kingdom. It is the 
iron, and not the golden, age which is the true ago of civilisa- 
tion; and England has led the way in the march of progress 
chiefly through her skill and energy in producing this metal, 
and applying it to mechanical purposes. Iron, unlike all other 
metals, has three phases of existence — cast-iron, wrought-iron, 
and ateel, each ajually useful, and yet ao diflerent as to be 
virtually separate metals. In the manufacture of steel the town 
of Sheffield enjoys an unrivalled eminence, and our discussions 
on this occaaion will naturally be directed to those various ques- 
tions of peculiar interest which at present apply to that moat 
useful product. 

Our warlike neighbours the French, always forward in cveiy- 
thing appertaining to war, have of late years devoted their eneiv 
gies to two most important subjects — the rifling of ordnance, and 
the application of defensive armour to ships. Their advances 
have necessitated similar steps on our part, and we have cer- 
tainly no reason to suppose that we are behind them in the race. 
With tho first of these subjects I have been personally much con- 
cerned, and I have also had opportunities of observing the merits 
and defects of the various natures of armour plates with which 
experiments have been made by direction of ner Majesty's go* 
vemment. I need scarcely say that, up to the present time, cajst- 
iron has been almost exclusively employed in the construction 
of heavy ordnance j but guns made of that material have not 
been found adequate to resist the more severe strain incident to 
the usG of elongated rifled projectiles. This inadequacy of sti-^ngth 
becomes the more decided as we increase the magnitude of 
the gun; and since a growing demand exists for more powerful 
artillery, the use of cjist-irou for its construction seems to be 
entirely precluded. It is said, and I believe with truth, that in 
America the manufacture of east-iron ordnance has been so far 
improved, by applying water to cool the casting from the interior, 
as to enable serviceable guns of this material to be produced of 
much larger bore than have been made in England. But it ap- 
pears that these gims have not been rifled, and are only intended 
to be used with hollow projectiles. This success therefore affords 
no reason for comiug to a difl'erent conclusion as to the unfitnesa 
of cast-iron for the constructiua of rifled guns designed to project 
solid shot^ especially when the dimensions are large. Even when 
strengthened by wrought-iron hoops^ the tendency of cast-iron in 
a gun is to become weaker by every succeeding discharge. This 
is owing to minute fmcturea occurring in the bore, generally in 
the vicinity of the vent^ and gradually e.\tending until they ter- 
minate in the rupture of the gun. If, therefore, cast-iron gxmB 
are to he utilised at all as rifled ordnance, it can only be bv con- 
fining their use to hollow projectiles and light charges; but, if 
the same indulgence were extended to wrought-iron grins, equal 
efficiency would be obtained with half the weight of metal, and 
on this ground alone the superiority of the latter is deci- 
sive, Wrought-iron made either from ** bloom" or ** puddled 
ball" must necessarily consist, in the first instance, of a congeriea 
of welds or joinings, The snifiUar the m.aBs, and the more it la 
reduce*! under the rolls or hammer, the more perfectly will it be 
united, but when a hirge block is forged from an aggregation of 
blooms it is almost imfiossible to render it homogeneous through- 
out. The flaws in such a forging will generally be drawn out^jf 
the process of hammering in the direction of the length, and will 
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therefore not materially aff&ct its siren ^li in reference to longi- 
tudinal straiQS. But if the masa be Bubjected to an explosive 
force actlDg from tho intenor^ us in a gitn^ tlie presence of such 
flaws hecotoes fatal Wrought-iron therefore, applied as a solid 
block to the conatnietion of guns, I hold to be even more objoo- 
tioQable than cast-iron, for although a wrought-iron gun tons 
made, if it happen to be sound, may possess greater powers of 
resistance, yet it must always be more subject than cast-iron to 
concealed flaws, and on that account be more uncertain and 
treacherous. If iron, after its conversion to the malleable form, 
oonid be fused, all welds would he obliterated, and the niasa 
rendei!^ uniform throughout 8uch a material would merit the 
apellfttion of ** homogeneous iron,'' but the metal wliich now bears 
that name is of a different nature, being merely a apecies of cfist- 
sCeeL But the crystalline form assumed by steel, in aolidlfying 
from the liquid state, always renders the material in the first 
instance hard and brittle; and it is only under the subsequent 
process of hammering that it acquires ductility and toughness. 
This alterative procea^i of hammeiiDg is perfectly effectual when 
the thick Qet»s of the steel h small, but when it ia required to be 
for^i into a krge mass, it appeal rs to be a matter of the utmost 
difficulty to effect the required change. It is seldom that the 
enterprise of English niauufacturers is exceeded by that of 
foreigners, but in the profluction of steel forginga of large dimen- 
aious, Kruppp of Essen, hau taken the lead of alt steel makers in 
this country. He has met the difficulty of toughening large 
tn^i^es of cast-steel by using hammers of extraordinary weight, 
and I believe that equal success wilt never be attained in Eu gland 
without adoptiog similar measures. It will be a great era in 
metallurgy when a material possessiog the toughness and ductility 
of wrought-iron, combined with the horaogeueous character of a 
cast metal, can be economically supplied in large blocks. But 
whatever the march of improvement may effect, I doubt whether 
such blocks can y^et be produced at a coat which would admit of 
their extensive application. I am glad however to see that papers 
ure to be read at this meeting which may be expected to bear 
upon this important subject; and amongst the names ap|>ended to 
those papers we are fortnnate in having that of Bessemer, wliose 
exertions in this field of inquiry have attracted so much attention. 

The preceding observations on the application of iron to the 
conatnietion of artillery wonld not be complete without some 
allusion to the ayatem of manufacture which I have myself 
adopted, and which may be designated the '* coil system." When 
malleable iron is rolled into bars, its crystalliaation assumes a 
fibrous form, causing the bar to resemble a bundle of threads 
atroDgly adhering to each other, but possessing their chief tena- 
city in the direction of their length. The compressive power of 
the roils is also such as generally to eliminate all imperfect welds, 
or, if any remain, they are drawn out parallel with the fibre of 
tbe iron. To realise in a cylinder the advsuitage of this fibrous 
structure it becomes necessary to coil the bar into a spiral, aod 
to unite the fohla by welding. The lines of welding will then be 
traosverse tu the cylinder, in which direction they have little 
tendency to weaken it when exposed to a bursting force, even 
ghonld they not be perfectly sound. There is a limit to the 
thickness of bar which it is convenient to bend into a spiral, 
and, in making a gun on this eystem, the required diameter is 
made up by applying successive layers of coils, each layer being 
shrunk upon the one beneath. This moile of construction has 
the advantage of affording the opportunity of discovering and 
rejecting alt defective parts as the work proceeds; and guns may 
thus be built up to almost any size without encountering' any of 
those difficulties and liabilities which are met with in forging 
large blocks, whether of steel or iron. 

With regard to the great question of the ultimate effect of ar- 
tillery against ships protected by defensive armour, I believe 
that, whatever thickness of iron may be adopted, guns will be 
constructed capable of destroying it. At the same time I am of 
opinion that iron-plated ships will be infinitely more secure 
against artillery than timber ships. The former will effectually 
resist every species of explosive or incendiary projectile, as well 
as solid shot, from all but the heaviest guns, which can never be 
used in large numbers against them. In short, it appears to 
me to be a question between plated-ships or none at all^ — ^at any 
rate, so far as linc-of-battle ships are concerned. With respect 
to the quality of the material best Hilapted to resist tlie impact 
of shot, this subject is engaging much attention in the town of 
Sheffield^ and the iron districts generally. So far as my own ob- 
Bervalion and experience go, I may say that hardness and lami- 



nation are the conditions most essential to avoid. In itriking a 
plate, the tendency of a shot is to fracture rather than to pierce 
the material. When penetration is effected the hole is of a broken 
character* and not such aa would be made by the cutting action 
of a punch. The softer therefore the iron, the less iniurv it will 
Bustam; and I apprehend that steel in every form will, from it« 
greater ha niuesii, be found less effective than wrought-iron» while 
Its cost would be very much greater, Aa regards lamiuatiou it 
has been clearly ascertained that a given thickness of iron made 
up of successive lay era of thin plates, is very much weaker for the 
purpose of armour than the nnme thickness in the solid ibim* 
But a laminated plate, by which I mean a plate having the 
layers composing it imperfectly united, must be regarded a*^ an 
aggregation of separate plates, so that the stren tjth d^^irivt d from 
continuity is wanting. If this tendency to lamination could be 
obviated, I'olled plate would, in my opinion, be preferable to 
forged, since the iron would acquire a more fibrous condition, 
but the existence of this liability appeal^ to turn the scale in 
favour of forging. I hope the time is far distint when the«e 
great ouestions concerning attack and defence may receive a prac- 
tical elueidation in actual warfare; but I tnist that, in the course 
of our efforts to solve them, diaco%'eries may be made which 
will be as useful for the purposes of peace aa for those of war. 

I am tempted to advert, before I conclude, to a subject inti- 
mately connected with mechanical progress, but upon which 
much ditlereuce of opinion may exist. That dauntless gpirit 
which, in mutters of commerce, has led this country to cast off 
the trammels of pratectioDj has resulted in augmented prosperity 
to the nation, showing the injurious tendencies of class legisla- 
tion when opposed to general freedom of action. Would that the 
same bold and enlight,ened policy were extended, in some degree 
at JeaBt, to matters of invention. Under our present pfitent laws 
we are borne down with an excess of protection. We are ob- 
structed in everv direction by p^itented inventions, which will 
never be reducett to practice by those who hold them, but which 
embrace idciis capable of useful application if freed from monoply. 
The merit of invention seldom lies in the fundamental concep- 
tion, but is to be found in the subsequent elaboration and in the 
eaccessful straggle with difficulties, unknown to the mere theo- 
rist, and often requiring years of laboiir, blended with disappoint- 
ment, for their removal. Nothing can be more irrational, there- 
fore, than to give equal privileges to the mere schemer and to 
the man who gives actual effect to an invention. Primary ideas 
ought to be the common propei'ty of all inventors^ and protection, 
if we are to have it at aU, snould be sparingly awarded to those 
persona alone who by their labours and intellect give available 
reality to ideas. Apart from the impxjlicy of our present indis- 
criminate system, its operation is unjust. Philosophers, who 
furnish the light of science to guide to useful discovery, go alto- 
gether unrewarded and unrecognised. Practical men, who, like 
Watt and George Stephenson, devote the best part of their lives 
to perfecting inventions of immense importance to the world, 
seldom derive from patents any greater emolument than would 
flow to them without the aid of a restrictive system, while they 
are frequently involved in tormenting litigation about priority of 
idea. On the other hand, we eee numeixjus cases of disproixtr- 
tiotiate wealth realised by persons whoae only merit baa been 
promptitude in seizing upon and monopolising some expedient 
which lay upon the veiy surface of things, and reqnired no forcing 
atmosphere of protection for its discovery. Finally, injustice i« 
done by the existing law to those men who have no desire for 
monopoly, but who are compelled to become patentees for no other 
purpose than to prevent their being excluded from carrying their 
own ideoa into practice. For my part^ I incline to think that 
the prestige of successful invention would, as a rule, bring with 
it sufficient reward, and that protection might be entirely dis- 
pensed with. On this point however I speak with hesitation; 
but it is, at all events, certain that extensive reform is urgently 
required in this branch of legislation, and that the advance of 
practical science is now grievously obstructed by those very laws 
which were intended to encoui-age its progresa. 

Having now called to your remembrance the triumph a which 
have already been accomplished in mechanical science, and having 
directed your attention to some of the subjects which at the pre- 
sent time merit your consideration, it only remains to exjireas my 
hope that the genius, enterprise, and intelligence wliich have 
hitherto distinguished your profession, may continue to beai- 
frnita worthy of the past, and that the proceedings of this institu- 
tion may serve to guide and stimuh^te the efforts of its members.*' 
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•CHICHESTER: THE CATHEDRAL AND OTHER 
ANCIENT BUILDINGS* 
By Gordon ^L Hij^i-s, 

From BtaUop Langtoo^s time I pom over one hundred years, 
ThU includes the period of the exhanstiag wars with Fi'ance, 
made brilliant by tlie achievements of Creasy and Poitiers, — the 
dUastrous reigo of Ktchatxl IL, — the troublea on the accession of 
the hoii'fle of Lincaster, — renewed ware with France, iDoluding' 
the battle of Agiucourt; and brings na to the reign of Henry VI., 
who he fore the Wara of the Roaes commenced was a patron of 
architecture, Adam de Moleynes, Bishop of i'hicheater from 
1445 to 144D, was long keeper of the privy seal and councillor to 
this monarch, and ratiy have had something to do with the Liter 
works — his connection with the see was too aliort to jiermit the 
auppoaitiou that he originated them. I attribute them rather to 
the earlier part of the reign of Henry VL, and suppose them to 
hkv^ been completed before the ftill tide of civil war aet in in 
1450. 

If we may imagine the reasoning of the promoters of the aeve- 
ml worka l^longiog to this age it wonld perhaps amount to thia: 
The great ceotnU tower was incomplete, i\e», wanting its spire, 
bnt the dread of settlements, which had caused the respite, had 
c^asetl. As no further change had taken place, some daring and 
ambitions man was anxious to secure the fame of carrying the 
work to a completion. To make the project more safe, the bells, 
if they were there, must be removed from the central tower. The 
western towers were ill adapted to receive bells, and therefore a 
uew belfry must be built. Thus, nearly at the same time, as 1 
conceive, arose the spire of the cathedral and the detached belfry, 
jjopularly called Ryman*8 Tower. To the spire I give some pre- 
ference in point of time. The early mouldings were continued 
up the angles, two bauds of ornament which encircled the 
spire very plainly fix it?^ date at the early part of the fifteenth 
century, and the pinnacles and canopies grouped round its base 
belouijed to the same age, and bore very distinct marks of 
insertion into older work, thus justifying my idea that the 
base of the spire had been commenced long before. Of Ryraau'a 
Tower there is a popular legend as to its origin, and this 
legend is not without authontative support, The name is that 
of a family long settled at Appledram, a village two railea to the 
south of the city; and one of tl^m, it is said, intending to build 
a house or castle for himself, collected a quantity of atone. King 
Edward III, refused him permission to possess a fortified man- 
sion, and thft Bishop of Chichester purchased the materials he 
had prepared. The kin^fs inhibition is well established; more- 
over, there is at Appledram a part of an ancient crenellated 
maoaion, now used as a farm-house, and the atone of the belfry 
tower is different in kind from any used elsewhere in the cathe- 
dral precinct; in date the two buildings agree; their age h how- 
ever later than the time of Edward II L, as I have already pointed 
out with respect to the belfry. 

Not l?efore, and it may be later than this time, an alteratiou 
took place in the north transept; an immense Perpendicular 
window was inserted in the end, to correspond with Langton^s 
window in the south transept. It is very inferior to it in beauty, 
and seems to have weakened the end of the transept so seriously, 
that it became necessary to buttresa it sideways with a large 
flying buttress, whicb itself has yielded considenibly to the 
pressure. 

Au important work which belongs to this age, although we 
liave no authority beyond architectural features to guide us as to 
*late, is the cloister. Bishop Langton's cloister disappeared 
entirely, and with it his chapter-house; and the builders of the 
fifteenth century gave us a complete cloister of their own age, 
yet leaving evidences of an older one; and raised a new chapter- 
house on the top of the ancient sacristies, to the west of the south 
trauaept. This cloister and chapter-house have oome down entire 
to our own day. The chapter-house yet retains some of its oak 
seating and panelling; some of it, we are expressly told, was 
•lestroyed by the Parliamentary soldiers, who tore it down iu 
search of treasure. The stall or state chair for the presiding 
dignitary yet remains, and close to it a sliding panel in the waiu» 
scot discloses a massive oak door, strongly bound with iron, 
whiclk opens into a space over the south p:irt of the cathedral, 
^na which formed the treasury. For access to thjs*chapter-houae 
stair was cut in the transept wail, which makes us wonder 
mrdihood of the builders, who, having placed a 8pii*e on 



the already weaken«id Norman legs, yet ventured to weaken tbe 
wall which supported them. I heaitate to attribute to builders 
of that age a yet more reckless act, ami yet must admit that 
there is evidence against them; and if it were possible to make 
it conclusive it would show that the complete state at which w© 
have seen the cathedral arrive was marked by a singtilar careleaa- 
nesa on th<? part of the builders w^ho ought to have preserved it. 
Under Bishop Arundel, who presided from 1459 to 1478, was 
erected at the west end of the nave a screen, intended to be used 
as a chantry, and designated iu the Liber Regia of 1535, "Can* 
taria Johan'nis Arnndell Epi. ad ostium chori.*' Before his time 
the shafts under the east and west arches of the tower had beeo 
cut away for a height of 12 feet, to widen the apace of the choir 
stidls. Arunders screen just touched on the westem angles of the 
two western tower piers, and some portion of the f«ce of the piers 
was further concealed by atone stJiii-a, giving nccess to the top of 
the screen, and placed between the acreen and the stalls. On the 
removal of the screen an^l fitting?! last year, not only was it per- 
ceived that the tower piers were more seriously rent than was 
before known to be the case, but a piece of one of them w«a 
entirely cut away at the base, and an important part of the 
sufwriiicumbent work cjirried upnn two slight oak props, 

Biahop Sherborne, who resigned the see in 1534, and died two 
years after at the advanced age of uinety-six, is the last prelate 
w^hose celebrity is connected with the fabric of the cathedral* 
In liberality he was not .Hurpaaaed by any of his predecesscira^ 
but the exercise of it was directed to the addition of painting, 
gilding, and ornament, generally far more gorgeous than taate- 
fuL To his munificence we have owed the poeseasion of those 
singular dr^corationa, the historical pictures in the south tran- 
sept. They were painted by Tlieotlore Bernardi, upon oak 
panels, and depicted on one side the foundation of the see at 
Selsey, and the confirmation of its privileges by Henry VII. and 
Henry VIII.; with a portrait catalogue of the kings of England. 
On the other side was a similar catalogue of the bishops of 
Selsey and Chichester. Under several of t!ie portraits the in- 
scriptions recorded events connecteil with the construction of 
the cathedral. The paintings had been more than once re- 
coloured, and could not therefore he regarded as origiual pro- 
ductions. A large part of the catalogue of tlie kings, and the 
two large historical pictures, wex*e dcj^troyed by the fall of the 
spire. The catalogue of the bishops however sustained but little 
injury; neverthelesss, during the short time that they remained 
exposed afterwards, it became evident that the exiK'Sui^e wonld 
soon destroy them* The whole have conaequenlly been taken 
down with care, and with the intention of re-erecting them here- 
after, an intention which the state of decay of the wrxwiwork may 
after all frustrate. The inscriptions referring to the fabric were 
these: — 

IU<lu1phua primuB re-edifiGarit eccleslam Ciceatr. igtie combnatam. 

Seffrid se<:ud. re-edificavlt ecclcaiam Ciceatren. igne secundo ooui- 
bustam et domoa auaa in palado Cicestren. 

Radulphua socund. mnlta huic fecit ecclliB et Epatui cxinstruxit capel- 
1am S, MichAclia extra portain oriental em. 

Gilbertua epua. de Sancto Leofardo constnixit afondamentia capellam 
B. MariflB Virginia in ecci'ite Ciceatren. 

JohaDnes tertius dictna de I^angton Bcdifiieavit magnam flumptnoaam 
feneetntm australem eccleai.'e Cicestrensia, 

Adam MoleiiB dedit eccl'iie panoa et aerioo velvet© factoa robii coloria 
non niinoris pretii ad omaDdu altare eumu. 

Edwardus Htory sac re. tlieol. prof fecit aedificari novam a^eem in 
raeri^to Cicestr. 

Roberiui Sherborne x' x' soam eccfiam cathem. Ciceat. molto deoore 
niEigiiificd adornavit. 

From hence we have only to note the decline of the structure. 
The first infonmtion of its subsequent state with which I am ac- 
quainted shows however some appeudages, which, if they really 
existed, enhance the dignity of the cathedral — namely, two weat- 
ern spires. The only authority for this is, however, a sroall but 
well executed view on Speed's' map of 1610. Although the view 
is generally faithful, I must discover some confirming authority 
befoi^ I cnu consider it established that these spires really 
existed. The neglect with which the building soon came to be 
treated may be gathered from ArL'hbishop Laud^a iustriictiona to 
the dean in ltJ3t>. He requires tlie building to be put in repair, 
and that "the paradise within the cloisters, theretofore a burial- 
phtce, and then, by reason of a le^iae of his (the deau's) predeoea^ 
sors, converted into a private garden, shall be by some fair meana 
restored and reduced to its pristine find consecrated use." The 



Sttpt. 1, uci; 



THE CIVIL ENGINEEK AND ARCHITECT'S JOURNAL 



(lean was Eiclirird Stunrtj a toah of conBideriible eminence, and 
in favour with Charles I. He no doubt Bccouded the desires of 
the arcliMshnp, and it woiilil appear that Bome repairs to the 
top of the apire were effected in his time, as we fiml liia name, 
with thoae of the contemporary canons, engraved on the copper 
weathercock now no lately thrown to the ground. It also bears 
the inscription, "Dauiell Se^'mor Goldsmith, mnde Via December 
1638/' Further inscripliona upon it testily to repairs in 1(J75 
and 1699. 

Immediately after Dean Stnart*3 time came the Gi^at Rebellion. 
The historians of the city have certainly attributed to the fa- 
natical puritans f^r more of active destruction than I can find it 
just to lay to their char<?e- I have already pointed thisa out with 
respect to the parish churches. It is commonly believed, on the 
authority of IJay a.nd Dal In way, that Sir W, Waller's batteries 
destroyed the north-west tower of the cathedral. L'onteraporary 
accounts show that his first battery was u\>on the Broil to the 
north of the city, probably too far otf to have done any serious 
d&mfige to this building. The second battery was jjlant^d in 
Cftwley's Almshouse (the present workhouse), 300 yards in front 
of the north gate of the city, and from this point the north-west 
tower was completely covered and protected by the belfry-tower, 
which itself bears no sif^ns of battering. It muat have covered it 
al m oat equal ly from th e p rm ti o n of t he ti rs t bat te ry. Tl \ e re was a 
vigorous assault at the west gate, but no breaching artillery was 
used there, and the damage to the baildingg outside arose probably 
quite as much from the measures of the defenderd att from the 
efTortfl of the assailants. This waa the point from which the 
tower was most likely to have suffered. But the Dean Bruno 
Kyves, who himself gave an accfrunt of the proceedings of the 
rebels (in *Mercurju« Kusticus') makes no allusion to any such 
destruction, and speaks only of the wanton damage done by tlie 
soldiery within the cathedral to the monuments, pictures, and 
fittings, after the surrender of th© city. A second visitation for 
the purpose of wilful destruction, which is said t^ have taken 
place under Sir A, Haselrig, proves on examination to have been 
the same with tbe first, this #ffioer serving then under Waller; 
and his share in the spoliation being the pillage of the cathedral 
treasury, as statetl by Bruno Ryvea, six or seven days after Wal- 
ler's nien had fulfilled their miachievous mission; a treacherous 
officer of the catliedral haWng given him notice where the pLite 
Was deposited. lu the account of Bruno Uyvea we also have 
proof that the Subdeanery church (or St. Peter the Great) then 
formed an integral part of the cathedral, which bears out w*hat 
I have already sakl on that subject "Having made what apoyl© 
they could in the cathedral,** he says, "they rush out thence and 
breake open a parish church standing oa the north side of the 
cathedral, called the Subdeanry.** 

After what I have now said of the uorth-west tower, we may 
take Hollar's engraving, made for Dugdale at the expense of the 
bishop in ICw3, as positive pitKif of its state at that period. Ac* 
eordiug to his drawing of the north side of the aitbedral.tbe 
tower in queation was then perfect, and strictly like the aouth- 
west tower. I must own however that there is a plate by one 
Daniel King, which — although he was a pupil of Hollar's — 
may (according to Wal pole's 'Engravers*) be as early as 1656, and, 
If so, it throws some doubt on Hollar's accuracy. It appears to 
belong to King's work on cathedral and conventual churches; I 
have only seen this single plate, but Ctinnot avoid thinking that 
Walpole is in error as to date, and that, aa bia pupillage would 
suggest, the view is later than Hollar's; when it was tiiken^ tbe 
outer or Qorth-west angle of the tower in question hatl fallen out 
from top to bottom. Winis'* * Abbeys* (1719), in furnishing the 
dimensions of Chichester cathedral, has, " height of towers at west 
end, 95 feet," tStukeley*s view, 1723, shows the tower standing; 
BucVa view, 1738, shows the north aide of the tower wholly 
fallen out. Further decay may be traced in subsequent views, 
until, some time before 1780, the remnants of the tower appear 
to have l>een ttiken down and reduced to the form in which they 
exist at the present day. Extensive tt^pairs, though their nature is 
not stated, were executed at the cathedral in 1 791. Twenty-five feet 
of the summit of the spire was rebuilt in 1814, when the bnttle- 
inents at the top of the tower were also renewed. In 1818 some 
extensive re-armngementa were made in the interior, by no means 
to the advantage of the building, fixed pewa being aubstrtuted in 
the nave for movable seats ; about ten years later all this was 
again swept .away, the nave abandoned, and the service confined 
to the choir. Oa one of these two last occ^isions, two doorways 
were cut in the back of the Arandel screen, and some altera- 



tions were made in the stairs behind it I cannot say precisely 
what was done here now; but it is quite possible that, after all 
the reckleaa cutting away of the tower pier, it may at least have 
been placed in ita woi-st condition at this time. From that occa* 
aion down to the year 1859 nothiug has been done which affected 
th a t pa rt of t h e s t r u c tu re. 

In the autunm of that year the well-known architeet, Mr. 
Slater, was charged with the duty of opening out the choir to 
the jiave, to increaae the space for divine service, the prckject 
being in acconlance with the long-cherished desire of Dr. Chandler, 
the late dean, and aided by a bequest from him of £2000. The 
old stalls were to bo taken down for repair, and tlie Arundel 
screen and stairs behind it wholly removed. According to the 
published statement of the architect, tbe removal of these fittings 
exposed to view a state of decay in the lower parts of both the 
weatern piers which had not been anticijjated. Large and im- 
portant parts of the innsonry were entirely separated from the 
piers by cracks and finsurea, and the destructive cutting into th© 
south-west pier, previounly sfKkken of, was brought to light 
Under the circumatances, and after taking fresh professional 
advice, it was determined to rebuild the delAched |>ortions, and 
bind them effectually to the old work — a process which was cai*- 
ried out to a very lar^e extent in the nortb-weat pier, and in a 
much less degree in Uie south-weat pier, these operations being 
conducted during the summer of 1860. Some minor repnii-s to 
the other two piers were not completed till February of the 
present year. 

It cannot now be doubted that the piers were already too weak 
to bear these ofjoralions. The new work in the western piers 
began to show signs of failure soon after its completion. The 
signs increfiseil, but to slowly as not to excite apprehension in 
those who saw them from day to day, and to whom therefore the 
change was not apparent, — ^the crack which was observed not 
having opened so much as the ei<;blh of an inch in three months. 
At the end of January in the present year, the true character 
of the warning began to bo appreciated, which led to the prepa- 
ration of additional supports to those which hatl been already 
erected for safety's aake whilst the work was proceeding, and to 
the Huapension of all work in the building which could have any 
tendency to shake or jar the ti'enibling piers. On the 15lh of 
February the crushing of the tower piers under the weight of the 
lofty tower and spire Yiad advanced so decidedly, that it was felt 
that most energetic exertions must be used to keep them in their 
place and relieve them of weight The measures were taken 
without delay, and all the force employed that could be ruade 
available. The result is well known. All efforts pmved too 
little for the emergency, and at balf-past one on Thui'sday, the 
2lat of February, the whole tower and spire fell in the centime of 
the building, a quarter of an hour after the workmen had been 
withdrawn frt>m the work. 

So great a calamity has not befallen the structure since the 
days of Seffrid the Second. We hope, and believe too, that onr 
own generation will not be surpassed by Seffrid and his coad- 
jutors in tbe heartiness and vigour with which the work will be 
replaced, and in far better condition than before. Encouraging 
proofs of determination in this respect are already produced in 
the subscription in the neighbourhood of half the sum required 
for the rebuilding; and, in full hope of realising the remainder, 
the work of restoration has already been commenced. 



ON THE MANtTFACTURE OF STEEL, AND ITS 

APPLICATION TO CONSTRUCTrV^E PURPOSES.* 

Br Hekrt Besskmkr. 

Tire mode of manufacturing cast-steel, which now fonna so 
important a branch of tbe Sheffield trade, waa discovered in the 
year 1740, by Mr. Benjnmin Huntsman, of Handsworth, near 
Sheffield. This gentleman 8ubs**quently established steel works 
at Attercliffe, where his most valuable invention has ever since 
been successfully carried on. In the early stages of this inven- 
tion many ditiiculties had doubtless to be overcome: materials for 
the lining of furnaces and for the making of crucibles hacl to be 
sought for and tested; the peculiar marks of iron roost suitable 
for melting had to be determined on by numerous experimental 
trials; and such was the difficulty at that time of making crucibles 
that would stand the excessive heat of molten steel, that only 

* FtiNii s psper rtsd kt Uie IsvUtntion of Mocfaiuilcal SQ|iaeen. 
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, or "double oonTerted** steel, could for a 

pHt melted. 

i dCa Dcv mi&tiafacttire, even while the inven- 

I m fMtflialljdeFebped state, but too frequently 

dimeter: thus Hautsman's cast-Bteel^ 

~ to be 1^ pure homogeneous metal, 

parpotm^ was still looked upon as a 

t, ofYenr limited uae, not bearing a high 

^^^ nblzi^ to pieces, and quite incapable of 

^l^^^iUiA. PiiM vilkin oar own time thia has been the 

Wf^^ ^^^ W «MMittl. ImproTemeute in its manufacture 

mtm %mmm«> ft«m ^Smm to time been introduced, and steel of a 

dimeter has long been made capable of 

I working at a high tempemture without 

bare iu consequence been greatly 

Dt of cast-steel for the best cutlery 

me universal; indcetl, the excellent 

Ihl present made in Sheffield for these 

f id b» sofpassed. Of late years several of our 

^ jyttofiM^torers have sought t^ introduce cast* 

I i^mVitiity of parpcfeies other than those for which it was 
^k>t^; beivce we now find it used in some form or 
^te^llMMl vTBEiy firsi-olass machine. It<j emptoyment as a 
I IW IbUK^Ng btlb and various other articles iu clay 
Wi bviil WWCW s futly carried out by Messrs. Nay lor, 
V mmi C^ vliilo the introdaction of a most valuable mate- 
till Igr IIkmm^ HowbU and Shortridge, under the name of homo- 
MM^iltlRHlkftf<i prOBlilkent examples of the successful adaptation 
3lf«MMIt«l lo tf»g)ii««ring purposes. 

TIn MMMttAielUTv) of cAst-ste^l by Hunt^man^s process is so 

♦^liWMt^fti^y imu^CistHl, and is so well known^ that it will uot be 

IMKVMMO'j^lMra lo go iuto any lengthened detail; but it may be as 

wll Ifli iwnlchl thnse who have not paid special attention to the 

iitlJM^O^ - l*ig iron has first to go through all the stages 

lif nUllibv; ., puddling, hammering, and rolling, in order 

%0t fkvs^^ivv A Lku- of malleable iron as nearly pure as the most 

{MvlUl uiautpulatit'tn in charooal fires can make it. 

^H^llf IrQOi on which so much labour, fuel, and engiuo-power has 

^^^^EM|itlldfcl, thus becomes the raw material of this most 

^^B|PRNii|v»« manufacture. In order to convert these iron bars into 

^HpKiltr *l«»el they are packed with powdered charcoal in large 

^^^lifki,^ and are exposed to a white heat ft»r several days: the 

iHHpiiiod for beating and cooling them extending over a 

hI oi twenty days. The iron bars, when thus converted iuto 

klUtor steel, are broken into small pieces, and are sorted for 

umlity, which sdmetimes dilfers even in the same bar. For 

ft<dting this material powerful air furnaces are employed, con- 

ainiug two crucibles, into each of which are put about 40 lb. of 

^itu btx^ken blistered steel: in about three hours the pota are 

euiovod from the furnace, and the molten steel is poured into 

rt>ii moulds, and is thus fonned into ingots of cast-ateel; from 

%h to 4 tons of hard cuke being conskimed for each ton of metal 

lo melted. When large masses of steel are required^ a great many 

Druciblea must be got ready at the same moment, and a con- 

jnuous stream of the molten metal from the various cnicibles 

oust be kept up until the ingot ia completed, as any cessation of 

the iiouriDg would entirely spoil it. Henoe, in proportion to 

the size of the ingot, so is the cost and risk of its production 

Increased, 

From thR foregoiug remarks it will bo obvious that the cast- 

Itteel manufacturer is working at aa immense disadvantage. If 

nie desires to supersede the use of wrought-irou for engineering 

fturposes he must cease to employ wrought- iron as a raw material 

for hla other jv^ise moat expensive mode of manufacture. The 

Jextrcmely high temperature requisite to maintain malleable iron 

"^In a state of fusion has, from the earlicBt period of the history of 

iron up to almost the present day, rendered its purificatiou in a 

fluid state practically and commercially impossible. Hence arise 

all those imperfections to which bar iron is subject, every small 

Ipiece of this material consisting of numerous granules partially 

eparated from each other by scoria, and every large mass of it 

Bsulting only from the piliog together of small bars, with tho 

aevitable result of increasing the former imperfections; for no 

wo pieces of iron can be brought to a welding heat without 

ecoming perfectly coated with oxide, and when this coating is 

endei'ed fluid by welding sand a fluid silicate of the oxide of iron 

I formed, covering the entire surface to be united. The heavy 

blows of the hammer or the pressure of the rolls may, and does 

© greater portion of this fluid extraneous matter, but 



it is never wholly removed from between the welded surfaces: 
hence a portion of the cohesive force of the metal is lost at every 
such junction. When a bar of iron is nicked on one side, and 
bent, the rending open of the pile clearly shows this want of 
perfect cohesion; nor is this the only difficulty to be encountered, 
for in the production of large masses of wrought- iron it is neces- 
sary to raise the temperature nearly to the fusing point of the 
metal^ in order to render each additional piece sufficiently soft 
and pla-sitic to become united to the bloom. This softening of the 
iron induces a molecular change in the structure of the metal — 
its natural tendency to crystallise is so powerl^ully assisted by 
the long continuance of this high temperatmv?^ that its whole 
structure undergoes a change. Large and we]l--defined crystalii 
are formed almost independent of each other, and cohering Ba 
feebly to the planes of other oontiijuous crystals as in some cases 
to separate with as little force as would overcome the cohesion of ' 
ordinary cast-iron. 

In the substitution of cast-steel for malleable iron we escape 
both these source? of difficulty, for the mass, whether it be of 
1 ton or HO tons in weighty may be formed in a fluid state into & 
single block, wholly free ft^m an admixture with scoria, while i^ 
is perfectly and equally coherent at every fiart. The forging 
into form of such a solid block of metal is only tlie work of a few 
hours, and as there is no welding of separate pieces it may be 
worketl under the hammer at a temperature at which no mole- 
cular disturbance will take place, the metal being far below its 
fusing point, and much too solid to undergo that destructive 
crystallisation so common iu large musses of iron. Thus it will 
be perceived that the difficulties and uncertainty which attend 
the production of all Large masses of wrought- iron are wholly 
avoided in the production of equally large masses of caBt-steel. 
But however deairable in the abstract it may be to employ caat- , 
steel as a sub.^titute for malleable iron for engineering purposes^ 
it must not be forgotten that there are several important condi- 
tions indispensable to its general use. Firstly, the steel must bo 
able to bear a good white heat without falling to pieces under 
the hammer, or otherwise the shaping of it will not only bo 
expensive, but the pjirtly-finiahe<l forging may be spoiled at any 
moment by being over-heated. Secondly, the steel should be of 
that tough character as to admit of being twisted or bent almoet 
into any form in its cold state befoi^ fracture takes place, whe- 
ther the force be applied as a gradual strain or by sudden 
impact. Thirdly, it should have a tensile sti^ngth of at least 50 
per cent, over the best marks of English iron. Fourthly, and ee- 
pecialJy, it must h^ soft enough to tum well in the lathe, to bore 
easily, and to yield readily to the file and the chisel, so as not to 
enhance its original cost by the difficulty of working it into the 
retpiired forms. This is both practically and commercially an 
important question, and one which will in future greatly deter- 
mine the extent of its use. Steel to the engineer has hitherto 
stood in much the same relation as gi'anite to the builder. All 
acknowledge the superior hardness, beauty of polish, and dura- 
bility of that matenid fis compared with other building stone: 
Nature has given it to us in great profusion,^ — ^we have only to 
lift it from the earth aud use iu But the practical man haa 
found that to drill a hole in granite for blasting takes days of 
labour to accomplish, blunts all his chisels, defies the saw, and is 
only faced at a great cost: hence the builder goes on using bis 
inferior soft stone, over which his tools have perfect command. 

The problem we have before ua is, how to produce caat-ateel 
that will take any form in the mould or under the hammer; that 
will yield quickly and readily to all our present cutting Aadi 
shapiug machines; will retain all the toughness of the beat iron, ' 
with a much greater tensile strength » aud all the cleameaa of 
surface, beauty of tinish, and dumbility that so eminently dia- 
tinguish the hartler and more refractory qualities of the st^^l in 
common use. It is believed by the author that these desirable 
objects are fully accomplished by his process of converting crude 
molten iron into cast-steel at a single operation, which proceaa 
has now been in daily opemtion for the last two years. For thia 
purpose the hematite pig iron, smelted with coke and hot-blast, 
has chiefly been used. The metal is melted in a revcrberatory 
furnace, and is then run into a founder^s ladle, and from thenot { 
it ia transferred to the vessel iu which its conversion into steel is 
to be efl'ected. It is made of stout plate iron, and lined with a 
powdered siiicious Btone^ found in the neighbourhood of Shef- 
field^ below the coal, and known as ganister. Its value in the 
powdered state is about 11 j. per torn The rapid destruction 
of the lining of the converting vessel was one of the great diffi- 
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cultiefl met witli in the early etagca of the luvention; the exces- 
sive heat generated iu the yessel, together with the solvent 
action of the fluid ahiga, were found to diaaoh^e the beat fire-brick 
80 rapidly, that eometiiues as much aa 2 inches iu thickueaa 
would be loet from the liuing of the vessel during the thirty 
minutes required to convert a single charge of iron into steel. 
The material used at present is much cheaper than fire-bricks, 
and IB also very durable. The old lining of the vessel shown has 
stood niuety-aix consecutive conversions before its removal. The 
oan verting vessel is mounted on axes^ which reat on stout iron 
BtoudardiE, and by means of a wheel and handle it may be turned 
into any required position. There is an oj>ening at the top for 
the inlet and pouring out of the metal, and at the lowest part are 
inserted seven fire-clay tuyeres, each having five openings in them; 
these openiugs communicate at one end with the interior of the 
vessel, and at the other end with a box called the tuyere box, 
into which a current of air from a suitable blast engine is con- 
veyed under a pressure of about 14 lb. to the square inch, a pres- 
sure more than sufficient to prevent the fluid metal from entering 
the tuyeres. 

Before commencing the first operation, the interior of the 
vessel is heated by coke, a blast through the tuyeres being used 
to urge the fire. When sufliciently heated the vessel is turned 
upside dowUj and all the uu burnt coke is shaken out. The 
molten pig iron is then run in from the ladle before referred to; 
the vessel during the pouring in of the iron being kept in such a 
position that the orifices of th« tuyei'ea are at a higher level than 
the am face of the metah When all the iron has run in, the 
blast is turned on, and the vessel quickly moved round. The air 
then rushes upwards into the fluid metal from each of the thirty- 
fi,ve small orifices of the tuyeres, producing a moat violent agita- 
tion of the whole mass. Tlie silicium, always present in greater 
or leas quantities in pig iron, is first attacked: it unites readily 
with the oxygen of the air, producing silicic acid, at the same 
time a small portion of the iron undergoes oxidation, hence a fluid 
silicate of the oxide of iron is formed, a little carbon being simul- 
taneously eliminated. The heat is thus gradually increased until 
nearly the whole of the sllicum is oiidi^ed; this generally takes 
place in about twelve minutea from the commencement of the 
process. The carbon now begins to unite more freely with the 
oxygen of the air, producing at first a small flame, wliich rapidly 
increases, and in about three more minutes from its first appear- 
ance we have a most intense combustion going on: the metal 
xiiies higher and higher in the vessel, sometimes occupying more 
than double its former space. The froihy liquid now presents an 
enormous surface to the action of the oxygen of the air, which 
unites rapidly with the carbon contained in the crude iron, and 
produces a most intense combustion, — the whole, in fact, being a 
perfect mixture of metal and fire. The carbon m now eliminated 
80 ntpidly as to produce a series of harmless explosions, throwing 
out the fluid slags in great quantities, while the union of the 
gases is so perfect that a voluminous white flame rudics from the 
mouth of the vessel, illuminating the whole building, and indi- 
cating tc» the practised eye the precise condition of the metal 
inside. The workman may tlius leave off, whenever the number 
of minutes he has been blowing and the appearance of the flame 
indicate the required quality of the metal. This is the mode pre- 
ferred in working the process in Sweden, But here we prefer to 
blow the metal until the flame suddenly drops, which it does just 
on the ai>proach of the metal to the condition of malleable iron; 
a small quantity of charcoal pig iron, containing i^ known quan- 
tity of carbon, is then added, and steel is produced of any desired 
degree of carburation ; the process having occupied about twenty* 
etglit minutes from the commencement. The vessel is then 
turned, and tlie fluid steel is run into the casting ladle, which is 
provided with aping rotl covered with loam; the rod passes over 
the toy> of the ladle, and works in guides on the outside of it, so 
that by means of a lever handle the workman may move it 
up and down as desired. The 16wer ptvrt of the plug, which 
occupies the interior of the ladle, baa fitted to its lower end a 
fire-clay cone, which rests in a seating of the same material let 
into the bottom of the ladle, thus forming a cone valve, by means 
of which the fluid steel is run into diflerent sized moulds as may 
bo required, the stream of fluid steel being prevented by the 
valve- plug from flowing during the movemeut of the casting, 
ladle from on© mould to another. By tapping the metal firom, 
below no scoria or oiher extraneons floating matters are allowed 
to pais into the mould. 

By this process from one to ten tons of crude iroQ Q^aj be 



converted into cast-steel in thirty minutes, without employing 
any fuel except that required for melting the pig iron and for 
the preliminary heating of the vessel, the process being effected 
entirely without manipulation. The loss in the weight of crude 
iron being from 14 to 18 per cent, on English iron worked in 
small quantities, the result of working on a purer iron in Sweden 
has been carefully noted for two consecutive weeks, wlien the 
loss on the weight of fluid iron tapped from the blast furnace 
was ascertained to be 8| per cent The largest sized apparatus 
at present erected is that in use at the Atlas Steel Work 3^ the 
vessel being capable of operating on 4 tousj at a time, which it 
converts into cast-steel in twenty-five minutes. In consequence 
of the increased size of the vessel no metal is thrown out during 
the converting process, and the loss of weight baa fallen as low 
as 10 per cent., including the loss in melting the pig iron iu the 
reverberatory furnace. 

On the table before you are some examples of this manufac- 
ture as carried on by Messrs. Henry Bessemer and Co. The first 
sample is a piece of the pig iron employed — viz. hot-blast coke- 
maiie hematite No. 1, Secondly, a portion of an ingot of %^ery 
mild cast-ateel, broken under the hammer, to show the purity 
and soundness of the metal in its cast uuhammered state. Per- 
fectly sound ingots of such mild steel are extremely rare, if ever 
produced by the old process. The third example is an ingot 
partly forged, to show how little work with the hammer will 
produce a forging from these solid blooms of steel. 

There are also two pieces of steel of the quality employed for 
making piston-rods: these samples were bent cold under a heavy 
steam-hammer. To show the toughness of the metal, it requires 
very much more force to bend it than would be i-equired to bend 
wrought-iron, but notwithstanding this additioual rigidity, it 
gives to any extent without snapping. The tensile strength of 
this soft and easily- wrought metal is from 41 to 43 tons per 
square inch, or from 15 to 18 tons greater than Lowmoor or 
Bowling iron. In turning, planing, boring, and tapping this 
metal, it will be found that the uniformity of its quality will be 
less trj^ing to the cutting tools than the hard vanes and aand-cracks 
found in the common qurdities of malleable iron. It mu.-it how- 
ever be borne in mind, that the tensile strength of the piaton-rod 
steel just quoted is by uo means the maximum, but, on tho con- 
trary, it is nearly the minimum strength of such converted metal; 
at the same time^ it possesses nearly a maximum degree of 
10 ughuess— every additional ton in tensile strength given to it 
by the addition of carbon hardens it for working, renders it 
tnot^ difhcuit to forge, and brings it nearer to that undesirable 
state when a sudden blow snaps it like a piece of cast-iron. 

The extreme limit.-* of tensile strength of the converted metal 
are exhibited in a tabular form on the wall above. They are the 
result of many trials made at difl'erent times at the Boyal Arsenal 
at Woolwich, uuder the superintendence of Col. Eardley-Wilnmt, 
and are copied from his reports. The highly^carbonised samples 
exhibit a mean tensile strength of 152,000 lb., and are from their 
hardness and unyielding nature totally unfit for many purposes; 
while the entirely decarbonised metal is so soft and copper-like 
in its texture as to yield to a mean stnun of 72,0tX) lb., a point 
unnecessarily low, except in crises where a metal approaching 
copper in softness is required. The author therefore is strongly 
impressed with the belief that the soft, easy -Vk^or king, tough 
metal, of the quality used for piston-rods, is the most appropriate 
material for general purposes; and that the hard steels, that 
range up to a tensile strain of 50 or GO tons per square inch, 
should be avoided as altogether too expensive to work, and too 
dangerous to be employed in. any case where sudden strains may 
be brought upon them. 

With reference to the employment of cast-steel for constructive 
purposes, there are few of more importance than its recent and 
successful application to the making of steam boilei-s. The 
Cornish boiler, as improved by Mr. Adamson, of Hyde, near 
Manchester, has a large flue-tube constructed with narrow plates, 
which aje over 12 feet in length, and flanged at each edge in a 
maunjtv that, while it adds greatly to the stability of the tube, 
demands such qualities in the material employed for its manu- 
(actuie as are only found In metal that has undergone fusion and 
lias become perfectly homogeneous throughout. 

As a practical illustration of this mode of constructing boilers, 
and of the great stmiu which the Bessemer steel is capable of 
sustaining safeiy, we may refer to the steam boilers employed for 
some time past at the works of Messrs, Piatt Bi-others, of Old- 
ham, where six of these boilers are in daily use, their lengtk 
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being 30 feet, diameter of shell 6 ft. 6 in,, diameter of flue tube 
4 feet, thickness of plates -j^^inch, working pressure lUO lb, per 
squiire inch. The advantages of cast-steel are still more marked 
in the coustrnetion of the fire-boxes of locomotive engtneflt The 
difficulty of flanging and shaping these pieces in plate iron with- 
out splitting the metal in some part is so gireiit as to have 
hitherto rendered the employment of copper necessary for this 
purpose; but the ahape required can noW be obUined with ease 
and certainty by hammering np a sheet of metal rolled from an 
ingut, such as that on the table before you. One of these plates 
flanged by Mr. Adamson is also shown, and clearly tllustniteB 
the facility with which the metal may, under skilful hands, be 
wrought into any required form. 

^The perfect continuity of the material, its entire absence from 
joinings or weldings, also obviously mark it out as specially suit- 
able ft*r the tube-plate of locomotive engines. However near the 
holes are made to each other tliere is no danger of their having a 
llaw or other weak place between them. In many instances the 
rivet-holes have been punched so close, as to remove almost all 
tlie metal without splitting the narrow piece still left between 
thera» Nor is it in the construction of the bniler alone that the 
locomotive engine seems to demand the employment of cast-steel; 
the axles, whether plain or cranked, the piaton-rod and its guide- 
bars, aud fast, but not l°ast, the wheel tires, are all and eac!i 
exposed to so much abrasion, and to such sudilen and powerful 
strains, that a tough, strong material capable of withHtautling 
this destructive wear and tear is imperatively demanded in the 
construction and economical working of this splendid example of 
eugineering skilh 

In pointing out a few of the more prominent and obvious 
afiplications of cast-steel to couatnictive piirposesr, it may be inte- 
resting to put on record one of its most special adaptations, the 
pursuit of which was, for the first year of the authors researches 
on iron, the sole object of his labours, and one that has through- 
out the last six years never been lost sight of by him. This 
object, it is almost needless to say, was the production of a mal- 
leable metal peculiarly suitable for the manufacture of ordnance. 

By means of the Bessemer process, solid blocks of maileablo 
raetal may be made of any required size, from I to 20 or 3<l tons 
in weight, with a degree of rapidity and cheapness pi-eviously 
unknown. This metal can also, with the utmost ficility, he 
made of anj' desired amount of carbu ration and tensile strength 
that m:iy be tbund most desirable. Commencing at the top of 
the scale with a quantity of steel that is too hard to bore, and 
too brittle to be used as onlnance, the metjtl can with ease and ' 
certainty be made to pass fi-om that degree of hardnens by 
almost imperceptible gradations downwariis towards midleable 
iron, becoming at every strige of carlmmtioa more easy to work, 
and more and more tough and yielding, as the quantity of car- 
boE is reduced, until it at last becomes pure decarbonised iron, 
possessing a copper-like degree of toughness not founil in any 
iron produced by piuldling. Between these extremes of temper 
the metal most suit.ibb fi>r ordnance must be fouud, and all are 
equally cheap and easy of prmluction. 

From the practice new acquired of forging steel ordnance at the 
works of Mensrs. Bessemer and Oo„ it has been found that the most 
satisfactory results are obtsiined with metal tif the same descrip- 
tion as tliat employed for making piston-rndsj. With this degree 
of toughness the bursting of the cannon bect^^imes almost impos- 
sible, its power of rei^iating a tensile strain being at least tifteen 
tons per square inch above that of the best English bar iron. 
Every gun before leaving the works has a piece cut otf the end, 
which is rouglily forgerl into a bar 2 inche?* by 3 inches in sec- 
tion, and bf nt cold under the hammer. In order to show the state 
if the metal after forging, several test bara, cut from the ends of 
guns recently forged, are exhibited* The power of thi^5 metal to 
resist a sudden and powerful wtraiu is well illustrated by the 
piece of gun meta! before us. It is one of several tubular pieces 
that were subjected to a su'lden crushing force at the Uoyal Ar- 
senal, Woolwich, under the ilirectiou of Col, Earrllev-Wilmot. 
These tubular pieces were laid on the aiivii block in a perfectly cold 
statt*, and were crushed flat by the falling of the Bteara-hammer, 
Neither of the tubes so tested exhibited any signs of fraclui^. 
Perh.ips the lr>est proof of the power of such metal to resist a 
sudden anil viulent strain was afforded by some experiments 
maile at Lit'ge, by order of the Belgian government, who had one 
of these ^uns br>red for a 12 lb. spherical shot, and made so thin 
ns to weigli only y cwt. 1 qr, 6 lb. This gun was fired wiih in* 
demising charges of powder, nud an additional ahot after each 



three discharges, until it reached a maximum of 6 lb« U^ o«. of 
powder,, and eight shots of li! lb. each, the shots being equal to 
about one-tenth of the weight of the gun. It stood this heavy 
charge twice, and then gave way at about one metre from the 
muzzle of the gun, probably ownog to the jamming of the shottf. 
It is needless to state that the employment of guns so ezoesaiyely 
light, and charges ao extremely heavy, would never be attemptea 
in practice. 

It may afford some idea of the facility of this mode of making 
cast-steel ordnance when it is stated that the ltJ-ix)uuder gnu 
before us, having been made for the anthor*s private experi- 
ments on gunnery, he was present, and noted tl*e time employed 
in its fabrication. The molten cast-iron was tappet! from the re- 
verbatory furnace at ll.;it> a.m., and converted into caat- steel in 
thirty minutes, the ingot being cast in an iron mould 16 inches 
square by 4 feet in length. It was forged while still hot from the 
casting operation. By this mode of trejUing ingots the central 
parts of them are sufficiently soft to receive the full eifect of the 
hanmier. At 7 p.m. the forging waii completed, and the gun 
ready for the boring milh The erection of the necessary 
apparatus for the production of steel by this process, inclu- 
sive of the air-pumps and steam-engine on a scale capable 
of producing from crude iron enough steel to make forty 
of such gun blocks per day, will not excec<l a cost of £fjOOU. 
Hence tire author cannot but feel that his kbf>urs in this direc- 
tion have been crowned with entire feuccess, the great rajjidity of 
production, the cheapness of the material, its strength aud dura^ 
bibty, all point to its obvious ada[itation to the oonstructiou of 
every species of ordnance. 

To the practical engineer enough has been already said to 
show how import%nt is the application of c^ist-steel to coufttme- 
tive purposed. A dozen new uses for it will present themaelvesi 
to luH mind now that he has shown how this vjduable material 
mny be both cast aud forged with such facility, and at a cost no 
moderate to produce, by its superior dunibility, and extrera© 
lightness and economy in its use, as compared with iron. The 
construction of girders, bridges, and viaducts, are all aabjects 
deserving his careful attention and study. The author was loo^ 
ago impressed with the importance of its employment for marine- 
engine shafts, cranks, serew-prtvpellers, anchors, and railway 
wheels, which, indeed, formed the subject of separate paten ta 
granteil t^ him six yeai's ajjfo; aud to these special applicatioDA 
of caat-steel the intelligent engineer will now add a host of 
others e<|ually novel and tmport^mt, for the author feels }4sstired 
that the manufacturer of cast-sleel has only to produce at fk 
moderate c<.»st the various qualities of steel required for con- 
structive purposes, to insure its mpid introduction; for we niiay 
l>e assured that, so certain as the age of iron superseded that of 
bronze, so will the aee of steel rei^u triumphant over iron. 

(Mr. Bessemer exliibited a muzzle-loailing cnnnon cast from 
his steel, also numerous specimens of the metal worked into 
vaiious shapes, antl heat ami twisted to show the great strength. 
and toughness of the mateiial,) 



l^ork Minstf'r. — The London Warming Company have con- 
tracted, for £<JI.1, to furnish and erect twelve stoves in York 
Minster, four in the cry[>t, two in each of the choir aisles, and two 
in each of the side aij^les of tlie nave. With these the company 
gurirantee to maintain a uniform heat of 50 degrees; the powevj 
however being reserved to the contractors, if It be fouml n^ces^ 
sary, to furnish and fix four extra stoves, at a cost of £30 eachv 
If, at the end of a year, there should be a failui*e of the agreed*^ 
temperature, the contractors am bound to remove the whole of 
the stoves, and the Dean and Chapter are to pay to tliem £143 
for the expenses incurred in the attempt to warm the edifice. 
Little doubt however is entertainetl by the contractors aa to tlie 
successful carrying out of the scheme; even though there ar 
ditfieultiee to surmount iu connection with the miuster whid_ 
have not been met with in other buildings, from the large amount ' 
of window surface which it coutaius. The invention, which ia 
Mr, Golds worthy Goniey's, has already been applied in St. Paul'i 
Cathedral, the Houses of Parliament, the Cathedrals nf Limerio 
and LlandalT, &c. The stoves for the minster each weigh abon 
one ton and a half, but are nevertheless portable, so that the 
can be removed without dilficuity, should it be deemed net'*-*<^nf-i 
during the summer mouths. They are constructed to t 
bushels of coke (though coal may also be used), which ^^ ># 

it u said, will work well for 4& hours without any atteatiou* 
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Churdi and Conmntual ArrangememL By MACCKif2rE E. C. 
Walgott, M,A., F,S.A,, &C,— Londou: Atchiey & Co. 

The paper od the above subject, read before the Institute of 
Britisli Architects in January last by the Eev. M. Walcott (and 
from which we made extracts in ouj' number ibr that month) 
has amplified under the well-known industry of that gentleman 
into a very interesting and inatnictive book, bearing the same 
titlcy united with a number of illuBtrative plans, a glossary of 
terms prevalent in medifeval charters ana chronicles, notes, 
index, ic 

Beginaingi as in the ease of the pft|>er above alluded to, with 
what is really the beginning of llie flubje<3t, *Hhe upper chambex*'* 
at Jerusalem (Acts i. 13), Mr. Walcott^s book traces from theuce 
the various forms and peculiarities of arrangement in C'hristian 
churches io ail countries down to our own dayx the references 
to eiiatiug example, and to authoritative record where the former 
does not now exist, in illustration of his observations, being 
ample and sufficient. 

Of the earliest forms and appeamnoes, both in Eastern and 
Western Christendom, the original or promoting cauaes thereof, 
and the gradual development of the same into the succeeding 
and later, our former notice gives the principal point?? noticed by 
Mr. Walcott, very nearly in the words of the present work. It 
will be unnecessary therefore to recapitulate in this respect. A 
summary of the different divisions or heads under which hia 
remarks on this portion of hia work are classed will be sufficient 
here, as an introduction to the consideration and clearer under- 
standing of such as relate to aucceedlog erections, and their 
distinctive marks and changes, on which he afterwards enters in 
a very detailed and comprehensive manner. 

Proceeding, as before observed, from the primeval and simple 
upper chamber, Mr. Walcott notices as the hrst form, the oblong, 
enjoined in the apostolical constitutions of the fourth century. 
Next noticing the alteration consequent upuu the conversion of 
temples into churches, he refers to the Temple of Jerusalem as 
forming the prevailing model for the churches of the Elast, as 
was evidenced in a cbai-ch built at Tvre a.d. 315-322, and oorre- 
spondiugly iu several other churches from this period* 

From this type he proceeds to observe upon the Byzantine 
style, which he describes as " the lineal descendant of Roman 
architecture, modified by the introduction of an Eastern element, 
which, before the reigu of Conatiintine, had adopted a domical 
and vaulted form in place of the columnar arrangement of the 
Greek." Our author, quoting Mr, J. M. Neale (* Ecclesiologist,' 
ix. 7), divides this style into four periods; — the first comprising 
from A.D. 330 to 637, that is, to the erection of St Sophia, — 
churches being within this period generally round or octagonal. 
The second period from a,d. 537 to 1003, viz. ** to the erection of 
the Cathedral of Cutais, when the domes were multiplied^' the 
third, from a.d. 1003 to 1453, the fall of Constantinople; and the 
fourth, from a,d. 1453 to the present time. The arrangements of 
these periods, he says, were one or the other of three kinds, which 
are given in our former notice. Dilating upon these, and refer- 
ring to the influences of the combination of the third arrange- 
ment, the so-called Greek, with the Latin cross, he proceeds to 
give in detail the internal ai-rangeraeuta of a Byzantine church, 
with its capitular or conventual buildings, the main character of 
which, as he notices, was so largely transferred to and continued 
in the architecture of the West. In connection with this part of 
the Christian world, Mr. W^aleott notices in the first instance, as 
he did before with reference to the Eastern, the conversion of 
the pagan temples into Christian chureheB, of which, he says, 
the earliest instaiice was probably the Pantheon, consecrated to 
All Saints ia 610; — next referring to what he denominates 
the Basilican style, and the development of the basilica into a 
church, with the internal arrangements generally of the latter 
BO transformed. 

It is at this point that we took leave of the information con- 
veyed by Mr. Walcott, as it appeared in the shape of the paper 
alluded to at the oommencemeut of this notice of his hibours. 
Becurring to the latter as they appear in their more perfected 
furm, we are introduced — ^upon the same plan of progress to that 
axiopted in his previous treatment of the various matters spoken 
of — to some curious particulars in relation to round churches 
and baptisteries; and from thence to the consideration of Lorn- 
bardiCf and the later phases of Gothic architecture, as exhibited 



in Italy, Sicily, Paleatine, Germany, France, and other conti- 
ncntal countries, and Englaud. It would be impossible, as must 
be apparent from the extensive range embraced, to follow Mr. 
Walcott through the whole course of his review; — for other than 
a few observations and extracts in connection with f>oiut« of 
peculiar or general interest, or as showing the divei'sitied and 
comprehensive nature of the information included, we must refer 
the reader to the work itself 

Speaking of the first of the subjects we have just alluded to — 
namely. Round Churches, Mr, Walcott says, 

**The round church was probably peoulinr to towaa cither uniraport* 
ant or of a limited {Kjpubition. The baptistery of Florence,, built by the 
Lomkvnlic queen Theodolina, wai* tb© old cxithedml; and, until the 
eighth century, the Church of St. Lorenzo, of tlie tlmo of Juatinion, a 
square with four apaea, whA the cathedral of Milan. An octngonal 
building to the east of it wae possibly a chancel, A baptistery Btauds on 
the south. Tlie baptistery of Constantia, Ronae^ c. 440, that of 8t, 
A^ese, and the tomb of St. Helena, St. Stepbauo Rotundo, Bologna, 
of the fifth or sixth century^ and the tomb of TheodoHc, now St. Maria 
Rotunda, were circular. Agtiln, we have also octagonal buildiug^s, auch 
ViA the Lateran baptistery, and that of Paronzo, St. Constanc*, St. Ste- 
phen le Kondt Rome, and, with cellular indentations, S.S. MaraellinuB 
and Peter, Rome; 8t, Tlburtiua is a Greek croaaj and mention is mndc 
hy Euatjbma of an octagonal churoh at Antiocb, built by ConBtantine. 
The baptistery of Piaa was built c. 1152. THie tombj however, of 
Galla Placidia at Ravenna, built before 450, is cnicifortn. The circular 
form had been adapted for ther mausolea of Augnatua, Cecilia Met«Ua, 
and Adrian, and the temples of Vetta and the Sun. Almost all the 
« Jerman churches of the time of Charlemagne, as at AiJc-laChapene, 
Kimeguen, and Magdeburg, were clroular. In England^ and frequently 
in Germany, as in Kpuin and Italy » a choir was added to the round 
church. At Bonn, an olJong^ nave, at in France, was built in conjunc- 
tion with the circular building. In the eleventh or twelfth century 
circular churches began to disappear. In England and Germany the 
nave was of this form; but in France tlic choir, as al 8t. Eonigne* 
Dijon, of iha seventh or eiglitb century^ and partially reconstructed in 
the banning of the eleventh century; St. Martin's, TourS;^ of the fif- 
teen century, and Charrrjux. At Perugta, B«rgamo, and Bologna, of 
the tenth or eleventh century, the u*vo was round, and the choir oblong 
and apaidal. The round nave of the Templar's Church at Segfivia. 
c. 1204, has a choir and aisles terminating in apses. Round churches 
are found in the island of Homholm. At Wiaby a two-storied church 
has an octagonal nave and rectilinear choir.'" 

Of Baptisteries he remarks as follows; — 

**The public baths of the Romans, in some oaaes^ became converted 
into baptisteries: the piscina was the ordinary cold bath of a Homau 
villa. After the conversion of ConstantiDe, distinct buildings of an 
octagonal shape were built in front of churches, as at Rome, KoGons 
Piaoenxa, Torcella, Novara, and Ravenna, a plan perpetuated to the 
thirteenth century by the Lombard architects; but almost univer- 
sully, with this exception, were no longer built after the eleventh cen- 
tury, when parish churches were permitted to have a font. The 
western baptistery became, after a while, meiiged ia the western apse 
in Germany. In Italy it served still as a baptistery or a tomb- house.'* 

On the Lombard ic and other later styles he says, 
"The baBLlioa was a paraUelogram, with an internal transept, an 
sidal termination at one end, and a porch at the other extremity, Th( 
Byzantine church subordinated nave, choir, and transept, as the sup* 
porta of a central dome; which was the development of the vault, at 
the vault was of the arch: the ground plan at first was a round or octa- 
gon, became a square^ rendered cruciform by the four limbs rising above 
the angles round the cupola: three semicircular. latterly polygonal apses, 
formed the east end. The Lombardic, which lasted from the seventh to 
the thirteenth centuries, comprised bcth these types. It had a long 
nave, triforium, a central octagon, and cupola set on a square base, 
making an internal dome; an east end terminating tn tnree apsea; 
sometimes an octagon and an oblong were arranged to form a chnrch. 
The eastern aspect of the sanctuary and the copoU are its Byzantine 
features: the Latin omss, the lengthened nave, the apsts and crypt, the 
latter becoming spacious and lofly^ are Roman characteristics. Tnforia, 
or galleries for women, are built along the aisles of the nave and tTan- 
sept; pillars are grouped; and the roof is of stone, vaulted; hut the nar- 
thex disappears^ to be resumed in the eleventh century as a porch. The 
baptistery and campanile are nearly invariable, but detached adjnncts* 
The earliest Lombanlic church existing is said to be St, Michele at 
Padua, bnilt GGl. This Is contradicted hy Keunobr^ who attributes it 
to the eleventh or twelfth centurj. Conventunl buildings became pro- 
minent and numerous, such as the cloisters of Verona, St, John 1 nteran, 
Rome, and Subiaco, of the twelfth and +'--'' centuries. At Co- 
blentz, in 886, and at Cologne, the Lomt' stabliihed a hooM, 

reaching Franco in the beginning of the l, l : , ntury, Aiid Eiilt 
in the ktter part of the reign of £dward the Conteisor/' 
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The divisioDS of the firat-named he gives from Gaily Knight, 
the first beiug 

*' L From tJw incursion of the Ijoinbftrdi to tb© end of the eighth oen- 
intj: r. g.^ St. Michael Pavia, which is cruciformf and, like St. Ambrose, 
Mihui, baa a clerBCtory, but do tri fori urn; Brescia Cathednd, which is 
roanJ, with aprojectitig cbanoel; St. Julia, octagonal; and St, Ambrose, 
Milan, 861, which retains its atrium, 3. The eleventh century e. g., 
Pisa Cathedral, 1063-1130. 2. Tlie twelfth, and beginDiug of the thir- 
teenth centurj: e. $,^ baptisteries of Pisa aod Parma, and the round 
tower of Pisa, 1147." 

On Italian Gothic, including the Sicilian, he continues: 
'*The Duonio of Milan, and the Church of St. Giovanni at Naples, 
were built ty Gennan architects in the Gothic style, but there to re* 
main, with a few others, as isolated 8(>ecinjeni among the structures of 
the new school of Pisano. The development of Lonibardic into Gothic 
architecture is marked by rapid changes. The crypt and Latin cro«t 
remain; but a spire rises over the centnU lantern, lateral towers flank 
the west front, the baptistery shrinks into the font, a lofty screen riaes 
before the choir, which is lengthened out, and porches over the entrance 
doors. The characteristic * bull's eye * window in the west front became 
the rose window of the Gothic style. There is no instance of a French 
chevet. The churches are either (1) basilicas, or (2) apsidal churches, 
where the aisles do not extend round the apse; and a series of apsidal 
chapels is sometimes addetl on the east of the transepts. Bologna, 
built G. 1390, is a three-aisled ba.^iltca, with an eastern central apse, and 
square-ended lateral chapels along the entire length. Ban, c. 1171, 
has a square east end, internally apsidal, with flanking towers, lateral 
sacrisites, a central cupola, and projecting porches, a Lombardic feature, 
Kovara, of the eleventh century, retains its atrium, connecting it with 
a baptistery, Pisa, 1063-1113, has double aisles to the choir and nave, 
an eastern apse, and an apse to each wing of the traiwept. Milan, begun 
1336, comprises a nave and two transepts, all with double aiales; a 
choir with a trigonal apse, and north anu south sacristies. The baptis- 
teries of Pisa and Parma, of the twelfth century, and those of Verona, 
Pmtoia, and Vollerra, like the earlier examples of Ratisbon, Cremona, 
800, Florence, 671, 8t. John Lateran, 440, and Havenna, 3U0, are octa- 
gonal; that of Padua is a square in pbm, and circular above. It is not 
improbable that the octagonal churches were so built in order to receive 
a dome. One of the earliest instances of the Pointed style is St, Andrea, 
Yeroelli, built by an Englishman in the thirteenth century. It has a 
square east end, and two polygonal chapels attached to each transept. 
llio weat end is flanked with towers, and there is a central octagonal 
dome. At Sienna, began 1243, we have the tri pie- gabled frout^ circular 
window, and three portals of the characteriatic Italian type; a square 
east end, with the oeotral alley having a oiche^llke apse In the wall, 
three aisles throughout the church, with eastern square chapels to the 
transept, and to the south wing a belfry attached, and a central dome. 
Florence, begun at the extreme close of the thirteenth century, is trans- 
verse triapsal, like the early churches of Cologne, and our modem St, 
Paul's, and has a ccntnU dome, begun 1420, Milan, oommenciMl 13S5, 
baa a five- aisled nave, a shallow transept with aisles, and trigonal apses, 
and one trigonal eastern apse, with a circlet of columns, a compromise 
between the French chevet and the German apse. There is a central 
octagonal lantern, A western transept is found in conjunction with an 
octagonal tower in the centre of it, at St, Antonio, Piacenza, c. 1014; 
and two western towers, like a gaost transept, appear with a western 
cloister, at St. Ambro^io, Milan, rebuilt in tlic twelfth century. The 
cruciform cathedral of Pisa was built by Buschetto di Dulichio, a Greek. 
An apsidal eastern aisle occurs at St. Antonio, Padua; St. Stepliano, 
Verona; in the Lntcran, and Milan Cathedral; the former has radiating 
chapeh, Tlie entire east wall of the transept is often pierced with an 
arcade of five or eleven arches, opening into parallel chapels, the larger 
or central forming the east limb of the cross; there are eleven at ^t. 
Croce, Florence, 1290-1320; seven at St. Dumenichino. Sienna; and 
five at St. Anastasia, Chapels along the side walls seldom form part 
of the original design, 

SieUian Gothk Stiflt. 
Monreale— which Messina re^mblefl— hxui a three-alsIed nave, a choir 
with chamber-like aisles, and three eastern apses, the centra) bdng the 
largest. The influence of Saracenic art is very perceptible in the use of 
domes, at J^t. Giovanni degli Eremiti. Cefalu, c, 1131, has aisles, a 
transept, and three eastern apses, but no central tower. Tlie Cathedra 
of Syracuse, as in other* instances, conflists of the cella of an ancient 
temple, and interior galleries and aisles are formed out of ^ext^rior 
porticoes," 

His observationa on the Northern development of the Ix>m* 
bardic, and on the several peculiarities of the succeeding styles 
above mentioned, we give seriatim in his own words. They will 
be fonud in many points very interesting and suggeatiye. Ab 
respects the flrat we find us follows:^- 

**Thc formation of the western apse, the construction of an eastern 
aisle, the development of the choir, the formation of the ante-choir, 
and the double- gate at its entnuioe, with the altar of the Baviour, were 



probably innovations of the northern architects. The next great change 
was the erection of a central tower upon four pillars, like the Byzantine 
dome. Charlemagne constructed the central dome of his churches on 
eight pillars, introducing a still more important change — isolation, ft 
passage on eveiy side, a method of central junction bv means of arches, 
andean advance to a loftier method of construction. Four central pillars, 
a development of this primaiy idea, are found at St. Martin d'Angers, 
built by the Empress Herraengarde, not long aft«ir Germigny, and in all 
English churches of tho period; also at Hitterdaal, a timber building, 
in Norway, and at St. Savin, Aquitaine, begun 1023. At Gerroigny, 
the choir occupies this oentnd space, and at Vignory. before the tenth 
century, there was ft iqaare of six pillars, inclosing the choir, with m 
prooe&aional path openmg upon six obapels. In the Church of Si. 
Savin, Aquitaine, h>egun 1023, we find four central piers, a transept 
with an eastern apsidal chapel in each wing, and five semicircular 
chapels ranged round the choir, which is an arrangement never found in 
the south. To the necessity for strengthening the central aupporta wo 
may refer the construction of engaged shafts, as in the church of St. 
Miniato at Florence.* 

In Palestine the priBcipol remains 

*' Are Byzantine, bnt there a few relics of Pointed ftrchitectnrer the 
Hospit&i Chapel of St. John, not of later date than 1187. aV ho 

Bysaniine rum of St. Maiy de Latina; a similar chapel, U. 

Norman, at Sebustijh, with an octagonal apse; the Early Li.^.Lr.u Car- 
thedral of St. Andrew, at Ajore, with ft doister along the west front tm 
a defence against the sun; an hexagonal Templars Church ut Altlect, 
forming a hexagon, with three eastern chapels with pentagonal apses; 
the Chun,h of St, George at Lydda, and the apsidal Church of Emmau^ 
erected towards the close of the Frank dominion, and the only Chria- 
tian building which is still entire. The Church of the Holy Sepulchre 
at JeniHalem, as rebuilt by the Eastern emrwrors in tho eleventh century 
on the ^ite of Constan tine's basilica, consisted of three western apses to 
the rotunda, and three eastern apses: three apmdal chapels on the 
north, and one apsidal chapel on the south, like transepts. It pro. 
sentedt before the 6re in 1808, the rotunda with its three western apees; 
a cruciform building, built by the Latins, to the eastward, with three 
eastern apses, and a surrounding aisle to the presbytery; and transeptftl 
chapels. The six churches of St, Stephano, at Bologna, were laid out 
in imitation of the grouped churches of the Holy Sepulchre,*' 

With reference to German architecture it is stated: 

*' In Gennany, at the end of the tenth or beginning of the eleventh 
century, a modified basilican form appears, at GenirwJe, c. 9^0; Hdde* 
sheim, 1001; Liinhurgh, 1034; Mayence, Worms, and Spires. The basl' 
lican form is found at Eatisbou, Paulinzell, and Schwarsach. The typo 
adopted was a double- apsidal cruciform ground plan, as in the east of 
France at Besan^on, Verdun, at Treves, St, Sebald, Nuremboig, St, 
Cross, Li^, and originally at Strasburg; wc^t and east transepta, n 
long nave, a short choir, both of three aisles; small round octagonftl 
towers were multiplied, flanking the apses, or attached to both tho 
west and east fronts in churches not cruciform. Polygonal domes or 
octagonal lanterns were employed at the west end, and at the interseC' 
tlon of the nave and choir, and galleries Wf^re conatnictod under the 
eaves of the roof for the accommodation of women. The Rhenish 
type was three aisles ending in three apses; the earliest chevet, that of 
Magdeburg, c, 1254, is polygonal. At Hildesheim we find a short ap* 
aidsU choir, with three apsidal chapels opening upon an aisle on three 
sides, but not communicating with the nave; ft western transept flanked, 
like tho main transept, with octagonal towers, and a west door wanting. 
There are chapels east of the main transept. St, Gcreon, at Cx)log&s^ 
of the thirteenth century, has a circular nave, and is one of the last 
examples of a domical building. Cologne has a chevet with seven chapels, 
c 1322, five aisles throughout the church, and a paniaUy developed 
transept. Friburg has » western steeple, found also at Ulm; a low, 
ill'developed transept, and octagooftl towers flanking the junction of the 
nave and choir, round which are twelve chapels. Strasburg wao in- 
tended to have two western towers, and the whole east part is a basilioft 
of the eleventh or twelfth century; tho transept is ill-defined, Ratlslxm, 
1275 to the firieenth century^ has three east apses, and a * subdued 
transept.' St. Stephen, Vienna has— as Prague, c, 1346, was designed 
to liave— two transept towers. At Bamberg, 1220-67, there are two 
apaes, west and east, flanked by towers. Naumberg is of similar design. 
Augsburg, 1366, has a chevet at one end, and an apse at the other. 
Marburg, c 1283, is transverse triapsidal, with three round apses to 
the choir and transept. Xant&n, thirteenth and fourteenth ceutime% 
has two western towers, without an entrance on this side, with ft poly^ 
gonal apse, and four flanking chapels opening in the choir and aisles. 
At St. Severua, Erfurth, three spires rise in place of a transept over tho 
apse. At Ii-eja Matriz, Vianna, c, 1483, there is a double transept. 
St. Cunibert's, Cologne, consecrated 836, was the first instance of the 
Lombardic style in the Rhenish provinces. Owing to their extreme re- 
gard for orientation, the apses are rarely surrounded with aisles or 
chapels; the churches are cither i,l) simply apsld&l; or (2) like Bysantlno 
churches, parallel apsidal, as at Laach, St. James, Ratisbon; St. Calhe- 
rine a Lubeck; M&nen Kirohe, Mulnhauseni Weisenhauflen, and SoesI: 
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or (3) tumrreree or tran«eplal triapaidAl* Tbfl early cburclica had cir- 
cuUr east apses, as at the Apostles*, Cologne; Marburg has throe later 
apeea, transverse triapaidat, of polygonal form. This arrangement is 
found atao at Bt. Fidele^ Como, Sometimea, but rarely^ the choir is 
apsidalf and the aisles square- ended, as at St. NicholaB^ Letngo. There 
is sometimes aa imitation of the chevet, as at Hlldesheiio, Magdeburg, 
and Marten Kirsche, Lubeck. St. GilcH, Brunswick, has an apse and 
surrounding aisle, but no eastern chapels. In the north- east of Ger- 
many, as at Af iinater» there is no distinction between the nave and its 
aisles; that church presents a cruciform plan, two west towers^ and 
west and main trauaepis, and an apstdal choir with apsidal chapels 
opening on a surrounding aisle. De LassaQlx regards the great Bhenlsh 
church ea as a century later than the date ordinarily asaigned. 

German arohitcoture resokee itself into three periods. The earliest 
Eomanesqoe buildings date from 960 to 1000. The Abbey of Heister- 
bach, which la pure liomaneaque, was not finiahErd till c. ]2^i0. Through- 
out tlie aouth of France tbere are remains of earlier HomiLriesque build- 
ings than those in Germany. Aix was a copy from St- Vitale* Kavenna, 
and the latter from St. Sopbia. The great consummation of the style 
at Boppart and Limbnrg was o. 1200; and c. 123^ the German taste 
was reimporied into Italy at Assissi. There are a series of churches on 
the Rblne^ erected in the twelfth century, formed on the plan of the 
Greek otobb, and surmounted by a cupolat which was afterwards changed 
into a square tower. In the diurcbea of Frose and Cicrnrode, in the 
Harts district, built about 958, the commencement of the transept might 
be found. The vestibule of Lontch is c. 794. (1.) The pore Romanesque 
pure churcbea have a semicircular domical apse, lower than the choir 
(as in several churches at Cologne, Mentz, Spires, Worms, Laach, and 
Eberbacb); and frequently the aisles have similar terminations; some 
churches (as St Mary Capitoline, the Aposttefi, and 8t. Martin), have 
apses to the ends of the transepts, instead of the usual triple eastern 
apse; and (at Johannisbcrg, St. Peters, Gelnhausen, and Lanoh) the east 
fides of the transept received semloircukr apst^. There is a western 
nartbeot at St. Gereon, St. Martin, St. Outhbert, and the Apostles', 
Ckkloigne. The towers are genemUy near the east end. There is an ap- 
■idal outer gallery round the choir at Laach, Eberbach, Wonns, Spires, 
fit. Gereon's, St. Martin's, and St. Mary Capitoline, Cologne. There are 
usually two pairs of towers and two cupolas or octagonal pyramids. St. 
Martin's and St. Castors, at Cologne, are of this period. A portal 
cloister, as at Laaoh and St. Mary Capitolino, Cologne, is another dis- 
tinctiye feature* The sides of the towers tenninato in pediraentSj and 
in these gables Ducange baa ingeniously discovered the germ of spire- 
growth; but possibly the pyramids and otieliska of the East suggested 
the primanr' idea. In the {2} Transitional or Early German ityle the 

rs became polygonal, and of equal height to the choir, and the east 
pels of the transept have seldom a simple semicircular form, but 
have sometimes an additional recess (as at Gelnhausen and Siusig); or 
another form (as at Limburg), or wholly disappear with the transept 
(as at Andemaoh, Boppart, and Bambe^). At Mcntz, Worms, St. 
Sebald's, Nuremburg, and at Bambeig^i the eastern apse is round, and 
the west apse polygonal; at Bonn the ends of the transepts are poly- 
gonal, and the choir apse semicircuhLr. The churches are of three 
aisles, and often have a polygonal (aa at Bonn and Marburg) or semi« 
circular end to the transept. Generally, where there are double apses, 
there are west and east transepts, as at Mentz, St. CunibertX the Apos- 
tles, St. Andrew's, St. Paiiti*leon*B, Cologne; St, Paul's, Worms; and 
Nuremburg. Two pairs of towers on the east and west occur at Bam- 
berg, Andemach^ Bonn, Arnstein, and Limburg. There is a central 
octagonal tower at Limburg, Gelnhausen, Seligenstadt, Sinzig, Worms, 
Hermersheim, and Bonn. Sometimes there is a central spire between a 
pair of towers; sometimes two eastern towers (as at Gelnhausen and St. 
Cunibert's, Cologne); sometimes west towers as at Limburg, Bono, Sell- 
genstadt, Sinzig. Uermershetm, and Boppart. A similar group is often 
found like a transept at the west end, and sometimes a single west 
tower in the central compartment of this front. The gables of the 
towers become more acute, and the cornices lighter. Buttresaes were 
usetl, and porches were added at the west end. At Augsburg there is 
a double choir. Chapter- bouses are rare in Germany and France, and 
aeldom circular. A baptistery ia attached to Meissen. At Worms, 
about the beginning of tho twelfth century, there is a west octagonal 
lantern flanked with round turrets, a central octagon, and east end 
flanked with round turrets. Spires, of the elevenUi century, has an 
octagonal Untem at the intersection, and weat square towers to the 
tnmsepts. Mayenoe has a western apse composed of three trigonal 
afMsa, 1200-1239, an octagonal steeple and west turrets, and an east 
lant«ni and a round turret; the lateral chapels were added 12t}0-1332. 
At Laacb, o. 1098-1 15C, we find the ancient parvis before the church 
with a west cloister, as at St. Ambrogio, Milan; a western apse* used 
as a tomb-house; a square west tower, with a transept, flanked by 
lofty circular towers; an eastern transept, a central octagonal lantern, 
flanked hy two square turrets; an apsidal choir, and transtipts with 
eastern apses. Lateral porches supplied the place of a western door. 
The Apostles* Church, Cologne, has a taU west tower and transept, a 
oentral octagon, and two flanking turrets. St. Castor, Coblentx, An- 
demach, and Amstein, have two groups of towers, but no central 



lantern. Tho third period is the complete or Decorated German, which 
occurs at Altenbcrg, Cologne, Freiburg — which has twelve chnptlf* to 
the choir, — and Ratiabon. There are two west towers at Zerbst Nico- 
laik, Meissen, Mulnhaosen, Mildenfurt, Naumborg, and Memleben. 
Treves has a double east and west apse. Gelnhausen has an east- 
em trigonal apse, a transept witli eastern ap&idal chapels, a square 
west tower, a central octagonal lantern, and two towers flanking the 
apee. St Katberine's, Oppenheim, has a trigonal apse, two west towerv, 
and central octagonal lantern, Limburg has two west towers, a central 
lantern, two towers flanking each transept, and a round apse. St, 
Elizabeth, Marburg, has pentagonal apnes to the chotr and transept, 
and two west towers. There are two west towers at Munich, Augs- 
burg, Cologne, Basle, Thurme, Marburg, St. Laurence, Nuremburg, 
and one at Frankfort. Ulm has no transepts, but comprises a nave 
with double-aisles, a choir with side chapels, and a large porch under 
the west tower. Stuttgardt, 14111-1631, baa a west tower, dwarf tran- 
sept, a choir with a trigonal apse, and a nave with aisles and chapels. 
Augsburg has a double apse, that to the west trigonal, and a nave with 
double aislee. Ratisbou has two west towers, a nave with aisles, an ill- 
denned transept, and a parallel triapaal choir with aisle^ each with a 
trigonal apse: to the east of each aisle is a chapel. St. Sebatdus, Nu- 
moburg, has west towers, a double apse (each pentagonal) and transept. 
M. Daht has published an account of similar structures of the eleventh 
and twelfth centuries. The Cathedral of Lubeck has a three-aisled 
nave with lateral recesses^ an unimportant transept, and a chevet, with 
seven polygonal chapels and cloister. St. Marys is throe-aisled, has 
two western towers with no entrance on thiii side, n low transept, 
consisting of chapels; and a chevet with live polygonal chapels. 
Dantzic is cruciform, with a west tower. At Zurich, the choir, of the 
eleventh or twelfth century, is square, while the aisles terminate in 
apses, and two west towers wfire contemplated. A thirteenth century 
church at Kaschau, Hungary, attributed to Villars de Honeourt, has a 
French arrangement of eastern chapels. In this country however the 
oommon type is a triapsidal basilica, with a narthex and western 
towers. Buda, of the same period, has three eastern apees and two w«st 
towers-* 

Speaking of Swedish and Norwegian architectarft, Mr. Walcott 
informs us that between Stockholm aod Up8ft]&| a 1000, several 
churches strongly resembled Aiiglu-Saxon buildings; and that 
the Norwegians, when about to restore the Cuthedral of Dron- 
theim, sent nrtis^tb to mmke sketches of Kirkwall, which had 
been previously built by Norwegiau workmen. This connectioa 
and iutei^change between England and the above countrieis, as 
reflpeots architectural production, ia recorded in other caaes. It 
was by misaionaries from England, during the primacy of Elfric 
(994-1005), that Christianity was introduced to the pagan sab- 
jecta of Ulaf Trjggvason (or Olaf the son of Try^), king of 
Norway, the grandson of Hacon sunmmed Adelstantoetri, or the 
foater-aon of Athelstan king of England (925-940); and the head 
of the mission, Sige fried, archdeacon of York, died bishop of 
Wexio, in East Gothland. We have alluded to this relation 
between England and Norway in ecclesiastical matters in a 
former number, when reviewing a work on the Domkirke of 
Throndheim, published by the iJorwegian government (see thia 
Joamal for May 1860). To the instances there mentioned as 
showing the reference to England and EugUshmen, Mr. Walcott 
adds another: the see of Strengnfi^, in Sweden, was, he saya^ 
established by Oskild, an Englishman. He also says, quoting 
from the Proceedings of the Royal Institute of Britisih Arenitects, 
1844*5, p. 86, that "some of the Swedish cathedrals were built 
by workmen from St Germain des Pr^s." 

Belgic Gothic architecture Mr. Walcott divides in brief into — 
1. Primary Pointed and Transitional, tenth to thirteenth cen- 
tury: ground plan a Latin cross; west door isolated, and in 
Transitional cases lateral entrauccB to nave and choir, removed 
under a single porch, deeply rect^ssed, at the end of the transept, 
in the thirteenth century. 2. Secondary Pointed or Rayonnant, 
fonrteenth to the latter part of fifteenth century, marked by large 
windows above entrances^ side chaitels to naves; lady-chapels 
rare. 3.. Third Pointed or Flamboyant) httter piut of fifteMith 
to latter part of sixteenth century. " 

Spanish arclntectTire presents two styles — the southern* or 
indigenous, and the northern, bori'owed from France; pr incipaJly 
presenting " either the French chevet with a circlet of chapels, 
or an apsidal aisle surrounding the altar, and opening on chapels, 
with an eastern chapel, which if the enst end is square is the 
lady-chapel, — if circular or oct*igonal» a tomb-house," 

For the main divisions of French mediteval architecture Mr. 
Walcott adopts those of M. Caumont, as fallows: — 1, Roman; 
2^ Ogival Primitif (thirteenth century); 3, Ogival Secoodaire 
(fourteenth century); 4, Ogival Tertiare, the latter being sepa- 
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rated into two epochs, reapectivelj 1400-1482, and 1480-1550, 
To example in illustration of the various phases and peculiarities 
of these several diviaioug, aa well aa tlioae of the other parts of 
the Contiuent raentioDcd, with nmnr other minor pointa in con- 
nection therewith, there is abundance of very intereiting refe- 
rence. The origiuating causes of several of such peculiaritiea are 
also very satisfactorily adverted to. 

From the arcbitecttire of France Mr, Walcott proceeds to that 
of England, previously noticing that of Ireland and Scotland, 
l)oth early and later. These sections of his work aro sncciuct 
and valuable. In reference to the former, be remarks of the 
Celtic churches: they are " small aialeless, rectangular buildings, 
without an ai)se, usually in groups of seven, like the churches in 
Asia Minor arid on Mount Athoa, In the fiftli century," he con- 
tinues, " they are of a type anterior to the Roman basilica, and 
many were built of timber, with some affinity to Scandinavian 
architecture- From the ninth to the twelfth centui-y they were 
Romanesque, with a baailicau arrangement; the throne, or a 
bench-table, being at the east end, and the altar detached." Some 
of the round towers, he observes;, somewhat resemble the cunical 
Nuraghies of Sardinia. The original plan of a simple oblongs or 
ofa nave and chaneel, was preserved to the latest period. The 
cloister of Kilconnel, he adds, resembles cloisters in Spain and 
Sicily. 

In Scottish architecture is embraced — 1. Churches of wicker- 
work, which in the fifth century gave way to stone churches, 
like that built by French workmen at Whithemc for St. Niuian, 
and another constructed in the eighth century by monks from 
Jarrow. 2. Scoto-Irishj from the tniddle of the sixth to the 
middle of the eleventh century. 3. liomanesque Anglo-Scottish, 
1124 1165. 4. Lancet, 1105-1286. 5. Decorateil, li286-1370. 
6. Flamboyant, 1371-1567, The saddle-back tower and poly- 
gonal apse are referred to as continental features; and Roslyn, 
it is remarked, was built by architects from the north of Spain. 

In the section on Engtish architecture are noticed various 
kinds and forma of churches, from the primitive erections of 
wattle and stud-work, down to the introduction of the stone 
edifices of a later period, and from thence to the full development 
of the latter. These notices are full, and compriae nearly all the 
historical evidence we now possess on the subject They are 
moreover very conveniently arranged umler aeparate and par- 
ticular hea<is, corresponding with, and having relation to, the 
particular features and diatingui'ihiiig arrancementa both of the 
secular and monastic clergy, in their churches and conventual 
erections. After alluding generally to Anglo-Saxon and the 
later styles of English architecture, and giving very nearly its 
generally-received divisions, — to symbolism, and orientation, &c., 
we have reference to the principal varieties observable in the 
ground plans of chui'ches, and of their crypta, &a, followed by 
remarks on the Benedictine, Cistercian, and Augustine churches 
and convents, with those of the Pncmonstratensians, Franciscans, 
and other religious orders. These arc highly interesting and 
instructive, both historically and otherwise, including as they do 
almost every peculiarity of feature and diapositiou in our ancient 
ecclesiastical boikiinf^. 

Wo cannot follow Mr. Walcott in detail through all these 
matters, but we may observe that his notices refer, amonsfst 
almost every other component and accessory fojiture, to west 
frnnta, porches, galleries, doors, towers, transepts, choirs, altar^ 
apec^a, stalls, pulpits, thrones, sedilia, screens, sacristies, baptis- 
teries, lady-chapels, &c. 

As respects conventnal arrangements, he refers, ujjon the same 
plan of separate consideration, to the gi*ound-pkn, firat alluding 
to the convents of the East and Greece, and afterwards to those 
of the Continent, and England. Of the general arrangement 
Qf a monastery he says as followa:^ — 

**E»ob monastery included (1) a cloister- court: (2) an inner court, with 
tlie tnfinnary, guest-house, kitchen, servanta'-hall, libnirf, &o,: (3) great 
oroommoiicourt, with a double gateway, the larger arch being designed 
for cnrta; gmoari^, itableit, store-rooms, Bervanta' rooms, tribunal, 
priion, the abbot's lodge, and grange-bam; a remarkable instance oc- 
curs in the Pri&nionBtniteotian Abbey of Ardaines, near Caen: (4) the 
court of th« church or close, open tt> the public: and (5) mills, gardens, 
orchapda, &c." 

Fi*om the general arrange meTita — adverting to that of Canter- 
bury aa being the earliest pbu of an English monastery ex- 
taut — he proceeds to particuhir parts, such as the cloisters and 
capitular closes, chapter-houses, the slype (supplied, he says, in 
the Cistercian houses by the sacristy)/the dormitory, refectory, 



lavatory, cellarage, kitchen, treasury, library, scriptorium, abbot's 
parlour and lodge, infirmary, guest-house, prison, gate-house, 
seliool, almonry, and charnel-house, kc; illustration or confirmar 
tion of the statementa being in each case that of existing or 
recorded authority. 

Having thus directed the reader to the comprehensive nature 
and usefulness of Mr. Walcott's work, we would call the atten- 
tion of that gentleman to one or two little discrepancies, which 
it is hardly possible, perhaps, but should occur in the extract 
and arrangement of the many references and illustrations which 
the work contains. In some of the former a little confusion is 
created by the omission of the mention of the particular edition 
or series, as the case may be, of the work quoted from. In 
the latter there are also one or two minor matb^rs in connec- 
tion with the plans; and we allude to boih tlie rather that 
they are easy of correction in future editions. In the plan of 
Canterbury Cathedral there is an omiasif>n of the steps which 
lead from the level of the nave to the north aisle of the choir, 
^-which interferes with the idea and indication of an agreein|f 
level with the opposite or south aisle of the choir. In the plan of 
Castle Acre Priory there is also some variation from the descrip* 
tion of it It is stated in page 74, that ** a peculiarity uf Clugniac 
churches in England is the position of the sacristy, which at 
Thetford and Castle Acre is attached to the north wall of the 
transept." It is omitted to be so indicated on the plan. There 
is likewise a difference between the latter and the reference to 
some of its features which occurs at page 65, which states that 
the transepts have eastern apaidaJ chapela," while on one of them 
only, the north, it is so shown. As respects the plan of Eastbjr 
Abbey, given at page 76, thei'e appears also to be some error iu 
the representation. Speaking of this ruin in another work hy 
the same author, entitled *The Minster and Abbey Ruins of 
England,' it is said, " The north aisle of the choir — itaelf of pre- 
posterous length — was longer than the souths and again, that 
"the cloister court had only two alleyB," and that " the abbot'a 
lodgings were on the cold north side of the nave." On the plan 
the choir is shown without aisles, the cloister with four walks or 
alleys, and the abbot's lodgings on the north side of the transept^ 
his hall abutting immediately thereon, hia chapel running in 
continuation northward, and his lodge proper extending east- 
waid therefrom, or parallel to the choir. In the plate ofWest- 
minster Abbey, the south transept, letter D in the reference, ia 
denominated the E. or east transept This latter is however 
a self-evident typographical error, though it would be better 
perhaps altered, or referred to in the ermta. 



Tables for Setting Out Citrvfi^ on Rallwat/s and ot/ier Public 
Works, By J. S. (Jlver, Civil Engineer — London : Weale, 
These tables are given in one sheet, mounted on cloth and 
folded aa a map, so that it may be spread out for convenient 
reference in the field. They are very comprehensive, being <^- 
culated fur radii of troni 1 to 800 chains, and for chorda up to 40 
chains. They seem to have been computed and arranged with 
great care and diligence: we cannot of course vouch for the 
accuracy of all the figures, but no error has caught our notice on 
an examination chiefly directed to ascertain the correctness rather 
of the principle than the detail of the calculations. 

One portion of the table gives the off-sets at anccessive distancea 
along the chord for setting out the arc required. We think this 
Tvill oe found extremely useful by those who have to range curves 
for engineering and other purposes in cases whure the tlieud^'Hteis 
not used: as calculatiouj^ of otf-sets on the ground are often tedious 
and liable to error. Of course, before using these off-«ets, both 
extremities of the arc must be supposed to be ascertained. 

The other part of the Uable fumiahes the angle for any given 
chord. The angle given is (as appeal's from inspecting the tables) 
not that which is contained between the radii drawn from the 
centre of the circle to its chord, but the supplement of this angles 
Thia is indeed equally available for theodolite ranging, if it is ever 
desired to range with the theodolite at the centre of the circle. 
Of course with large radii this would be out of the question. 

It would, however, have been more Berviceable to have given, 
instead, the angle contained between the chord and tlie tangent, 
(or what is the same thing, the angle at the drai7ii/e;^n<^ sub- 
tended by the chord.) For the ranging of ruilway curves, ihe 
theodolite is set in the curve and the angles read from the tangent^ 
and it is usual to chain round the are rather than along the chords 
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althongh for prelimmary ranging long chords may ba taken in 
the first instance. Thia, however, ahould alwraya be done with an 
eye to ultimfttely carryiug the chain meftaurement rouml the 
curve^ so that it m more useful to know the angle (say) for an 
arc of 5 chains^ than that for a chord of 5 chains. A table giving 
Ihe correct chorda for arcs of so many chains would be ot very 
great assifitance in the ranging of railway curyee. 

We know no better rnle for theodolite ranging than the 
following; — 

Minutes per chaiji = — rr — :^ r-r— 

'^ radius m chains 

Thus, with a radius of 40 chains, the chord of an arc of 1 chain 



makes with the tangent an angle e^^ual to 



1719 
40 



n3inutea:=r42''97; 



the chord of twice this arc makes twice the angle, or 1" S5'*94j 
and so on. The most simple practical work on this subject we 
remember to have seen is a pamphlet by Mr. Eobert Brodie, 
published many years ago. We think it does not give any tables^ 
This portion of Mr* 01ver*s tables would, however, be helpful in 
ranging, provided the halves of the suppIemenU (or the com* 
plemeuta of the halves) of the tabulated angles were taken, — ^a 
process easily performed in the field. We think many would bo 
glad of the tablea for tho sake of the off-sets alone : certainly 
these are what would be found most generally usefnl. 



Treatm on MilU and Mill Work.—Part L By William Fair- 
bairn, Esq., CE., &c, — London : Longman. 1S61, 

This is the first portion of a work which the author states he 
lias had in contemplation far many years* The present volume 
begins with the first principles of mechaniamj and then proceeds 
to discuss the various constructions of prime movers. The author 
expresses a hope of shortly completing the work by a treatise on 
the new system of transmiasive machinery, aud on the arrange- 
meDis necessary for imparting motion to the various descriptions 
of mills, 

A short introdactory chapter, under the head **Early History 
of Mills," gives some cLosaical, antiquarian, and other glennings 
of considerable interest. It might be wished that the author, 
having taken \m this part of the aubjeot, hati treated it more at 
large, as it would admit of being much amplified ; although our 
knowledge of the mechanical appliances of early ages must be 
acknowledged to be but fragmentary at the best. It is conjec- 
tured (and with probability) that 

*'The earlieict introduction of machinery waa in the prooesaes for the 
preparation of ftxKl. oa we read of the Egyptiaiifl and BahyloniaoB, and 
other nationii in Europe and AMa, bavins^ mills for grinding oofm at the 
earlifwt periods at which there are reottrdii of their hifffcory, Hesiod and 
Pliny bodi describe the mi-mt pnmitivo method of the preparation of 
cofln, a meibixl etill further illustrated among the piotorial remoitui of tho 
l^gyptians — viz., poimdixig it in a mortar." 

To this we may odd that the Pro verba of Solomon (which 
bear a date certainly as early as Hesiod) coutala such an incidental 
allnsion to the process of braying wheat in a mortar as proves it 
to have been then well known in Palestine. Bat of the corn mill 
itself we have yet mora ancient recortl. In the Law of Moses, at 
a period about six centuries before Hesiod, and when the pro- 
gen i tors of the poet may poesibly have satisfied their hunger with 
beech-nuts and acorns (according to traditional tastes), wo find 
distinct reference to the nether and upper millstoneft, and mentioa 
made of the mill as in common household use. Allusions equally 
definite and familiar occur in a book of the Old Testament to 
which a yet higher antiquity has by some been assigned. 

Mr. Fairbairn passes by a somewhat rapid transition from the 
archaeology of mills to the manufacture of textile fabrics, aud 
thence to the latest inventions in iron manufactures. 

'* We are at the present time in a state of traniition in the maanfac* 
tore of iron and steel, which Is making rapid atridei towards improve- 
ment. The inventive talent of tbs ooitntey has been directed to 
thia object, and the prodnotion ol homogeiisoiii platfli^ having the elsa- 
ticity and tenacity of steel, togeih«r with the improvemttDta of Mr. Bes- 
lemer, Mr. Cby, and othara, are likely to tvroduce a oot^pbte revolution 
by a greatly increased ecooomy in the prcHluction of iroiL Mr. BesMmer 
is now proposing to roll plates m the form of a continuoQs weh fmm liquid 
metal, nm direct from the furnace to the rolls. Wo cannot vouch for 
the tueeen of this enterprise, bat we are most anxious to see its results 
realised; and there cannot exist a donht, from the number of able cheimsta 
and practical men at work, that the iron trade of this oountiT is calcu- 
lated (o nodei^ a great change, and perhaps with as much benefit as 



wsa icoompliflhed by Mr. Cort on the introduction of the puddling and 
rolling processes. 

. . . . Althijugh maoh change has not been effected ui the msclunery 
of tho iron numufactyrer, conaiderable improvements have neverthele«i 
been nmde in the Hiut'lilng of the arcs, and linoe the intitwioction of the 
hot-blast by Mr. N<iikun the production of the fumauea has lieen more 
than doubled. Looking forward, therefore, to the improvements and 
changes now in iwogrew, we may reasonably conclude that a new era 
b not only imminent* but huH in great part been aooompllBhed. The 
Bame pro^NSM, and even greater improvements, [fl»] obiervuble in the 
otmvervion of iron into itcel, and probably the tiine ia not far dietont 
when we flhall be enabled to produce from tho wime furnace iron in either 
a cast or malleable state, or steel, an may beet suit the requiremenU of the 
manulaoturar, tt is quite evident thst our increasii^ knowle<ige of 
chemistry in livn manufactures leads to these nwultH^ and liy a still 
do»er adherence to chemiatry, whereby impurities, such us |]UiH<]>horaB, 
sulphur, Lc. are removed, the proceas just alluded to will be fully and 
ftatkfactorUy realised." 

The second section of the volume is contributed by Mr. Tate. 
It forma a very useful treatise on the elementary principles of 
mechanism, which are classed uuder the he4ida of I ink- work, 
wrapping connectors, wheel-work producing motion by rolling 
contact, and appliances for communicating motion by sliding 
contact, inciuiling of course the various modificatioos of the screw. 
The capabilities of link-work in converting equable into rapidly 
retardtxl or intermitted motion are well exemplified, one instance 
being Watt*fl simple and ingenious contrivance for opening the 
I'alvtfs of the steam engine. Of coarse the beautiful arrangement 
of the "paralled motion" comes in for its share of notice; it is 
satiafactorily handled, with the exception of a mischievous error 
in printing, which spoil* the sense. We read : — 

*• The ratio af QK to KG is generally expreasod by the following e<|ua- 
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It should be — 
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The very elegant problem of the mutual relation of form 
between curved surfaces having rolling contact is touched upon, 
and the instance of two equal ellipses rotating about their foci \a 
given, and also that of two equal logarithmic spirals. The spe- 
cial investigation of the form of the teeth of wheels seems to be 
reserved for a future occasion. The question of the action of 
cams of various curved outlines also receives attention, and the 
employment of the spiral of Archimedes as the line of a cam groove 
is instanced as converting a uniform rotatory into a uniform 
reciprocating rectilinear motion. The diagrams are generalJj 
clear, although in a few instances the reference letters are vexa- 
tiously omit^ (a great discouragement to beginners), and one 
figure (25) is lamentably out of drawing. 

In giving tho rule for the pitch of the screw there is an 
error : — 

*'\i t — BF, the distanoe between Ihe threads of the screw, f = the 
radius of the cylinder, e =. angle BAF; then 

f — ^"^ /* 
tan 9 

A reference to the diagram shows that the 8e4;ond side of the 
above equation should be **2Trr X tan /BAF;" so that B is 
evidently not BAF, but its complement BFA, or the angle which 
the threatl of the screw makes with the sides of the cylinder. 

The third section treats of prime movers, of which water power 
first comes under consideration- Mr. Fairbairn gives an 
instructive chapter on the accumulation of water in reservoirs. 

** It is necessary in conetructing p&aervoirs to obtain aome mea^uit) «»f 
the quantity of water whk^ may be expected to aecumulate annually, 
in order to provide sufficient storage. For this purpose it ii moet im- 
portant to determine the area of luid draining into (he vnUey chosen for 
the formation of the reservoir, and the average annual ratniaU of the dli- 
trict, with, if possible, the probable Iom ot waste ariang from the re- 
evaporation and absorptioin by wgetalioQ, jte. 

To aaoertaui thB drainage area it is sufficient to determine the mntai j< 
Uvd or tPoeeriAcd, t,r, » ridge sunromuiing Uie valley which marks 
the line at whidi the strouns flow in opposite ittrcctiona into oontaguooa 
valleys. This may be detennined by a spedal survey, with a careful 



exambation of an accorftte chMi like the Ordnance map, tin which the 
Qontour of the country, brook», kc. are plainly marked. The whole of 
the buin Included within the watershed is termed the catchment bium. 
In the cafie of the Bami re^tervoira it amounte to 3300 statute acres In 
fflrtent; in that of the Greenock reservoirs to 6000 acK«; at the Man- 
cheater waterworks to 19^000 iicres/* 

After meutioaing that an immense number of experiraenta 
have beea made of Tate years on the rainfall in different parts of 
Europe, our author proceeds to give a table of the mean rainfall at 
London and Manchester. For London the average exteuds over 
thirty-four yeaTS^ and Mr. J. H. Belville is cited as the authority 
for the data. The Manchester obserr ations are stated to com- 
prise a period of sixty-four years : for these Dr. Dalton and the 
Manchester Memoirs are referred to. It would be desirable to 
know how far theee periods are synchronous, and what the 
average figures would be for the same term of years in each case. 
The results show a mean aunual rainfall of 2478 inches at Lon* 
don and 35'56 inches at Manchester. In the London table, 
March shows as the dryest month, the rainfall averaging r61 (or 
barely more than 0*05 inches per day); February comes next 
(allowing for the shortness of the month); and October ranks as 
the wettest, having a monthly rainfall of 2'67 inches. These 
oondusions seem hardly what would be generally anticipated; 
And the variation of the average rainfall from one month to 
another appears smaller than might have been surmised. 

In the Manchester table this variation is more considerable. 
October ia here too the wettest month, and figures at 3 84; t/w/y 
nearly ri valliog it, however, with 3'72 inches average monthly rain- 
fall; while April claims the place of the dryest month, having an 
average of 2 02. The greatest fall in London during any single 
month in the period of thirty-four years was 665, and occurred 
in July. The greatest rainfall for one month in Manchester also 
occurred in July, and amounted to 1V48 inches. The least rain- 
fall for any one month is given in the London table as 0tl4 in 
February,— April, August, and December following in order of 
casual dryness. In the corresponding column of the Manche*»ter 
table, the mininum is in December, and amounts to 007* — Mjiy 
giviD|r a small fraction more, or 0*09 inch. These differences 
vufficieutly indicate the operation of local inflaeneea^ affecting not 
merely the total quantity of rain during the year, but also the 
manner of its distribution in point of time. 

Mr. Fairbairn observes that the Loudon and Manchester tables 

"Would give a mean of 30 inches, but it muat be home in mind that 
in the lake dietricts, and all along the west eaa^t, there is an annual faU 
of rain greatly exceeding that amount, and in B4.>me places in the higher 
dktricts in Cumberland the retumi have been m high as 180 to 200 inches; 
from this it will he seen that 36 inches is a fair average for the whole 
mrCaoe of Great Britain.'* 

We do not suppose our author would jump at a conclusion, and 
therefore infer that he has either computed the average he gives 
from a compreheuiaive examination of observations in various 
districts throughout the island, or adopted it from a reliable 
authority. Without some such supposition the sentence we hav^e 
quoted would leave a painful impression of loose and inconclusive 
reasoning. 

'"It i« however important in the oonHtraction of reservoirs to have 
ol>acrvationA of the rainfall in the district in which they are to be placed. 
XiQcal causes greatly influence tlie quantity of rain: thus the average fsU 
in Eraex ia about 20 inchest; whiUt at Keswick in Cumberland it is as 
much as 67*5 inchefl, and at Seathwaite in the same county it averagtss 
the enonuons quantity of lil 5 inches.'* 

After describing the ordinary nun guage and the manner of 
ualng it, Mr. Fairbairu proceeds ; — 

**By placing tw<» ar three (4 tliese rain-gauges at different elevations 
aroutul the site of a pnppoi^cMl reservoir, and examining them at oon- 
vcni<^ut intervjdii of a week or a month , it iA eiuiy to eatimate the exact 
quantity of rain which faik upon the catchment bo^in in the c»une of 
one year; which, with certain deductiouB, ia the quantity to be provided 
for in the reservoir. The precaution of placiqg the gimges within f* inches 
or a foot of the grtnind is important^ as, in aooordanoe with an ill-under' 
stood law^ the quantity t>f rain rapidly decreases e^^en at slight elevationi 
from the ground, and it is abo important to place the gusf^e where no 
artificial currents of air are created, as by the sloping ride of the roof of 
a hotise. Thii subject was fuUy inveitigated several yearn ago by Mr. 
J. F. Bateman and a oommittee of the l^iAchesler Phii<iS4:>pliical Society. 
Observ'ations had been loatle on and near the lines of the Aahton and 
Peak Fon»t CanaU, alxiut the accuracy of which, from their diMagree- 
ntent, doubt» had arisen. The guages rn these observations were placed 
on the ridging of the rortfa of the houses of the vatriouf* lockkeepers, 
under the inmret^Hiiui that, from the exposure of the iH>nition, all the 
rain which ftill must there be caught. Kew guages were placed in the 
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same localities, but at the surface of the ground, and the i«iQlti ol theaa 


experiments were aa follows:— 






Locality. 


Gaage on roo&. 


GoAgcongrouoil 


Bxceiijpqr ypL 
OD ground* 




Incheft. 


iDchea. 


IttClMML 


Near Middletrm 


18-H 


28-8 


68 '7$ 


Near Rochdale ... ... 


20-50 


30-S 


47*8 


Whitehukn Reservoir ... 


22-64 


351 


55*0 


Blackstone Edge 


23 iS 


34-2 


45-84 


Blackhouse ,.. 


24-89 


35-9 


44*28 


Sowerby Bridge ... ,.- 


i6-7r 


23*8 


41-92 



This enonuous difference, amounting to 50 per cent, on the avongei 
fully proves the unfitness of roofs for registering the nunfalL The up- 
ward currents of wind created by the sloping roof appear to have canled 
the raindrops over the edge of the guage. 

Dr. Hoixrrden found Um annual faU of tain at the top ol Westminster 
Abt)ey to be 12'099 Inches. On the top of a house close by, of mu(^ 
inferior altitude, 181 39 inches; on the ground, 22 '608 inches. 

Mr. PhiUips^ at York, found the total fall for three years, at an alti- 
tude of 213 feet, to he S8'972 inches; at 44 feet, 521 69 inches; and tm 
the ground^ 65 430 inches. 

Notwithstanding the explanation ol these facta which have been ciflbred, 
8ir J. F. W. HerKthel has within the last year asserted] that the cmma ia 
yet to neek. The raindrops certainly appear to incrcaae in else in the 
moiBt lower strata of the atmosphere. 

Mr. Phillips's exphuiation hU heea accepted by Home meteorologista, 
tluit this augmentation is caused by the deposition of moittiire on the 
surface of H^ drop, in consequence of its temperature being lower than 
that of the moist strata of air through which it passes. But this does 
not appear to be con^iBtent with the foct^ that in the condensatioa of 
vapour a large amount of latent beat would be liberated. Ditr. Bazssi- 
dnle, who pomled this out* estimates &om Prof. Phillips's ohsetrvalioiiB 
that, in the condensation of the amount of water which oonesponds to tlie 
augmentation of the raindrop in a fall of 213 feet, sufficient heat would 
be liberated to raise the teiiip»trature of the drop tt» 434" Fahr." 

Tliis seems conclusive against the idea of the increase of the 
raindrop through the agency of condensation, properly so called. 
It however still remains open to inquiry whether tlie drop tnaj 
not in some way gather a portion of the moisture of the air 
thi-ough which it falls. To solve such a question satisfactorily it 
woultfbe needful to know the relative proportions in which true 
vapour and watery particles held in solution respectively exist 
in the atmospheric moisture. In the deposition of dew we find 
that water really seems to exude from the air under certain frnvoor* 
able circumstances, without the sensible liberation of latent heat. 
It is perhaps not unreasonable to imagine a raindrop to accumu- 
late watery particles in its fall^ much in the same way that a 
large bead of quicksilver picks up the smaller beads or spray with 
which it comes in contact. 

But as yet all this is mere speculation. Wo do not know that 
it is absolutely proved that the increased rainfall measured by 
guages on the ground, compared with that measuretl by guagea 
on the tops of buildings is due, or mainly due, to the swelling of 
the raindrops as they descend. It should be remembered that a 
guage is likely to catch less than a fair share of any driving rain; 
BO that the greater stillness of the air near the level of the ground 
and the steadier fall— not to mention the surface spray that a 
heavy shower frequently occasions — may have some bearing on 
the question. 

After adducing data to show that mountainous districta in this 
country, to an elevation of 2IK>0 feet, receive a larger pro|jortion 
of rain than the lowlfmda, Mr. Faiibnini proceeds to consider the 
loss from evaporation and other causes before the water ultimately 
reaches the reservoir. This loss is in each case to be an-ived at 
hy guagiiig the mean disiiharge of the various brooks and streams, 
BO as to find by what amount the quantity of water they deliver 
falls abort of the toUl rainiall on the Pitchmen t basin. The Dext 
question is that of the capacity of the intended reservoir. On tliia 
point our author cites the following remarks from the Eeport 
of the British Association on Water Supply (by Mr. Bateman}:^ — 

** The storage requii^ite for equalising the supply of water between dry 
and wet yearn Bhould be provided with a due reference to the continoanoe 
of drought, and the quantity of water which will flow off the groimdt 
in extreme wet seasons no water should be allowed to run to waste. 
Experience haa shown that m the regions of comparatively mcKlenta 
rain in this ctmutry, the storage to effect this object should vary from 
20,000 or 30,000 to 50,000 or (J 0,0 00 cubic feet for each acre of collect- 
ing ground, the smaller cjuautity bring about sufficient for an avaUaUa 
rainfall of perhaps IS in., and the larger for one ol about 3<1 to 40 In.* 
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"We liave taken leave to correct two munifeHt miBprints in tlie 
above tables. It will be aeen that in every case where tl»e bead 
ifi considerable, and the height of the rectangular outlet 3 or more 
inches, the actual discharge per second la (with Bniall variations) 
60 per cent of the theoretical discharge. 

*' Duchaffjc icith in^mpl^ contraction. — It ia very frequently the 
oaee in practice tlmt ini© of the *iide« of a tliin lipped orifice is p^^>l<mgx^d, 
80 that the veia of tiiiitl no longer con tracts upoii all eidtja. In this ca^ 
^ ooefficientB in TMe. IL and III. give too low a renult. M. Monn 

S've« the following nile for discharge with Incomplete contraction: — 
Multiply the coefficdent of discharge for complete contraction found ai 
above by 

1 'D35 when the vein contracts on three Bides only 
1*072 „ „ „ two sidea „ 

1'125 „ ,» „ one side ,» 

in onler to ohtaln the true coefficient by which the theoretical digchnrge 
niudt be multiplied to give the actual discharge > Hence, fur an u^pproxi- 
mate calculation, wo may multiply the theoretical dincbarge by 0'&2 when 
the orifice is prolonged upon one iide; by i.>'64 when it is prolonged on 
two aidei; and by 0"68 when it« prolonged on three sides. When idl 
four sides are prolongedj, the thick-lipped orifice is formed, of which the 
coefficient of efflux is O'S." 

Very interesting researcbeB on the diacharge from rectangular 
notches, wasteboards, and weirs, on the friction of water in 
pipes, and on the estimate of water-power, concludes the chapter, 
whicli containa some very useful tables* Wc propose giving con- 
sideration to the remaining portions of the work on a fiature 
occasion. 
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A Complete Treatise on Ca^t and Wrtntght Iron Bridge Comtruc' 

tion. By WiLLtAAt Hlmuer, A. Inst. C, E., M. Inst. M. E. 

Folio, 2 vols, (text and plates), — London: Spon. 

This appears to be a very valuable contribution to the standard 
literature of civil engineering. The second volume contains 
eighty lithograph plates of large size, illustrative of Westminster 
New Bridge, Charing Cross, Victoria (Pimlico), Saltash, London- 
derry, the Jnmna, and more than a dozen other bridges. In 
addition to elevations, plana, and sections, large scale details are 
given, which very much enhance the instructive worth of these 
illustrations. An excellent photograph of the Saltaah (Royal 
Albert) Bridge, as it appeared when one bay was complete and 
the truss for the other bay nearly ready for hoisting, forms the 
frontispiece to the fii-at vol time, which containa the text This is 
divided ioto three parts, theoretical, practical, and descriptive* 

The theoretical part appears to go very thoroughly mto the 
elastic strength of materials, transverse strain, moment of inertia, 
shearing strain, plate and trussed girders of various constructions, 
oontinnoua girders, arches, and suspension chains; and contains 
copious tables and diagmms. The practical part treats of design, 
manufacture, and construction, not omitting iron piers and 
foundations. The third part furnishes descriptions of actual 
bridges, and, taken in conjunction with the volume of plates, 
forms the most interesting and instructive section of the work. 

We propose to take an ejirly occasion of giving a more detailed 
examination to the text than we are now able to bestow. We 
will here simply say, that no engineer would willingly bo without 
80 valuable a fuatl of informatiuu; the bridges illustrated being 
(many of them) among the moat original and successful works of 
the day. 

CalHeries and CoUien: a Handbook of the Law and Leading Cages 

relating thereto. By John Coke Fqwlbb, Esq., of the Inner 

Temple* — London; Longmans and Co. 

This handbook of the law on matters rehiting to mining is 
intended principally for convenient reference for non-pro feeaional 
persons engsiged in collieries. It takes a very comprehensive 
view of the law relating to the subject, comprising in its survey 
the nature of propertj^ in coal, leases of mineral property, cove- 
vants to work coal, rights of way, rights connected with the flow 
of water, the contract of hiring between masters and colliers, the 
rating of collieries, injuries caused by mining?, accidents in col- 
lieries, manslaughter, oombinations among workmen, the universal 
Uw relating to coUieriea, together with other subjects of special 
interest to those engaged in such works. It is not a dry law 
book, but is an explanation and commentary such as may be 
peraaed with advantage by other readei's than those to whom it 
IS especially addressed; several of the matters treated of, such as 
the right of way, and the rights connected with the flow of water, 
having a general interest. 



TO TOS 1]>IT0» Of 7aX aTII IXOIJrEKa IJTD AICaniCT'i JOlTUTAt. 

Sir, — Mr. Bakewell, in his paper with the above bending, 
seems to have been misled into drawing an eiToneoua conclusion 
from a true principle, by a temporary confounding of tlie mean- 
ings of the terms *' towards which" and "where." 

L He states in the first place that "a body perfectly free will 
move in the direction towardk which it is most strongly attracted 
or impelled " (The italics are mine,) 

2. From this he proceeds to infer that " water on the surlace 
of a solid sphere will flow towards the part where it ia ino«t 
strongly attracted." 

In drawing this inference, Mr. Bakewell reasons as if "where*^ 
and '^towards which'' were identical in meaning; but throughout 
the rest of his paper he evidently uses "ufAerc" in its proper sens© 
of **at which" — that is, as denoting, not the place towards which 
the attracted bodv is drawn, but the position of the attracted 
body itself; and when this is understood, the second of the above 
propositions not only fails to follow from the first, but is directly 
opposed to it. Water, under the circumstances described, would 
fiow not towards, but from, the pbce of strongest gravitation on 
the surface of the sphere, exiictly as it would do if its density 
were increased at that place, gravitation remaining uniform; 
or if a pressure were brought to bear on it at the same place. 

To iUustrate further the difference between attraction at a place, 
and attraction towards a place, it may be remarked that attraction 
ut the jxjles acts towards the plane of ihe equator, and attraction at 
the equator acts tmcarde the axis; ao that if the attraction exerted 
by the sphere on the fluid covering it be from any cause weak- 
ened at the equator, the attraction exerted on the partides at 

and near the poles, urging them 
A towards tho plane of the equator, 

becomes the stronger; and tjie 
particles of the fiuid tend to sink 
and spread at the poles, and to 
collect and swell at tne equator. 

In the case of a plumb-line AB 
the attraction BD exerted on the 
bob B may be resolved into two 
components; BF pamllel to the 
axis PC of the sphere, and to the 
direction of gravity at the pole P, 
and acting towards the equatorial 
plane; and BG perpendicular to 
the axis of the sphere, parallel 
to the direction of gravity at the 
equator E, and acting towards the axis. If by any amse the 
component BG is weakened or partially counteracted, the plnmb- 
line will assume a new position of equilibrium, so that tne bob 
will be further from the axis and nearer to the equator. — I am, kc^ 

R. 



TO tat KDITOA or TUB CITJL IFOIltlXB A.5C AlCaitBCT B iOVMJU^U 

Sir, — I have read with some surprise a paper in yotir 
number for this month, by Mr. Bakewell, propounding a new 
theory of the figure of the earth, I am aware that you cannot b« 
considered answerable for the opinions advanced in articles to 
which the names of the writers are attached. I am also aware 
that a monthly journal can hardly be expected to lend much 
space to letters of controversy. But the paper referred to is 
altogether of a very unusual character, and appears really to 
challenge a comment from some of your readers, appealing aa it 
does to their verdict against the ruling of the scientific world i& 
general. 

Mr, Bakewell gives, in the words of some mathematician from 
whom he differs, a lucid explanation of the real ojjeration of th^ 
Earth*s centrifugal force, that would seem to leave nothing to 
foe desired. This force, which is always parallel to the plane of 
the equator, la resolvable into two; one, in the dii'ectjon of the 
plumbdine (or earth's radius), tending to abit© the downward 
pressure of gnivity; the other, horizontal, and tending to driie 
matter on the Earth a auifaee towards the equator, in the direc- 
tion of the meridian line. The inlerence from this resolution of 
forces is, that the attraction, or impulsion, towards the equator 
varies as sine (lat.) X cosine (lat,), wliile the abatement of the 
vertical pressure varies as the square of the cosine of the latitude. 
At the pole the vertical pressure of gravity sufTers no almtemeAl; 
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at tlie equator the abatement reaohea its Tnaximum; and In 
latitude 4-7^ the impulsinn towardfl the equator is at its greatest.* 

A particle at the pole ia raore strongly impelled towards the 
Earth's centre than a particle at the equator, because the centri- 
fugal foiMe is not appreciablo at the pole. But the stronger 
local attraction at the |x>le has no tendency to cause motion aloog 
the surface of the sphere towards the ixAe. There ia no impulsiun 
of matter from the ei^uator: the impulsion is all the other way. 

This ia in effect mid (and well said) by Mr, BakewelFs astro- 
nomical friend, in the passage already referreil to. But while 
Apparently admitting the soundness of the conclusion as applied 
to a homogeneous sphere, our theorist cod tends that the revolving 
sphere ceases to be homogeneous, ita componeut matter, (if I at 
all understand bia drift*) Being rendered lighter at the equator by 
the agency of the centrifugal force. The idea seemintj to be, that 
the Earth ia in consequeuce of this force speeijicntfy lighter at its 
equator; so as to cause a preponderating attraction towanls the 
poles, as the regions where the heaviest matter is located. 

I really do not know what the ultimate argument is, if it is not 
this. If I have misconstrued Mr. Bakeweirs menniug, I certainly 
owe him an apology; for the train of thought I have indicjited 
involves a remarkable fusion of ideas. 

Weight denote* one of two thiugn. It may either be need to 
express the quantity of mass in a boily, or it may be understood 
of the amouut of downwanl pressure towards tfie earth \'» centre, 
by which sueh mnsa is most commonly measured. The centri- 
fagal force affects the downward pi-essure, anti in this special and 
limited sense diminishes the nentible weight of bodies on the earth's 
anrfaee; but it baa no effect whatever upon their mass, or inherent 
weight. Suppose a very accurate sprir*g balance «ipahle of 
weighing to a grain, and an equally ace urates ounce weight, were 
made and checked in London, and then carried to the equator. 
The ounce, tested by the balance (if so nice a test were pmcti ca- 
ble), would be found about a grain " lighter/^ that is to say, the 
downward pressure upon the spring would be abated by an 
opposing centrifugal pressure, to the amouut of about a grain. 
But the raass^or inherent weight, of the ounce remains absolutely 
the same at the equator as it was in the latitude of Ijondon. Its 
power of attracting other particles of matter ia not abated a frac- 
tion of a grain. Its own gravitation towards the earth*s centre 
(omitting the consideration of the slight increase of radius) ia 
really the same at the equator as it was iu Ix>ndon; although the 
downward pressure resulting from this gravitation is reduceil by 
the centrifugal force. To say — 

"The equality of attractive power is disturl^ed by rotation. The cen- 
trifugal force at the equator diminishes the attraction of iirravitatioii up 

tho weight of a hrxly The matter at the equator u, thus rendered 

spccificiillY lighter than tho matter near the poles, anil tht? Tnaaei tif the 
sphere ct€uta to be h4imotjtjitQus. The attraction exerte<l hy it on a por- 
tide of matter placed anywhere . . . between the etpia'or ami the pola 
. . . would therefore be no longer exactly alike. The separate attrac- 
tions leading to draw the particle towards the equator would cefise to be 
equal Ln force to the separate attractioDs in the contrary direction, whidt 
Gounttirbalanoed them wh«n in a state of rest^ &c/* — 

— seems to evince unconsciousneaa of the distinctions that exist be- 
tween vertical preasurej 8peci6c weight, inherent power of attrac- 
tion, and passive gravitation. The whole argument is based upon 
equivocal middle terms* To anch a fallacy the only answer i« to 
give a correct detinition of the real meaning of the terms em- 
ployed. 

One word as to the plumb-line. That portion of the earth *8 
centrifugal force which acts in a vertical diiection, and opposes 
the pressure of gravitVi has no share whatever in the local 
deviation of the pTumb-line from the perpendicular. This devia- 
tion is occa»ioned by the other, or horizontal element of the 
centrifugal force, which nrges the plumb-bob in the direction of 
tbe meridian and towards the equator. In any latitude inter- 
meili.'U^ between the pole and the equator there will be n trifling 
deviation: in our hemisphere the pltimb-bob will be south of the 
true perpendicular passing through the point of stisppnsion; in 
the southern hemisphere the variation will be northwards. The 
maximum variation of the plumbdiue from this cause would 
occur in latitude 45% and wouhl amount (roughly speaking) 
to some five or six angular minutes. 

If any ono wishes to know whether ceutrifngal force renders 



bodies specifically lighter, lot him weigh a gyroHcope,^ stand and 
ail, in a scale — tirst at rest, and afterwards spinning. Or a 
common top would do as welL In either case, the centrifugal 
force generated by the spin enormotiflly exceeds that which the 
gyroscope or top derives from the earth's rotation. 

Where terms are not understood in the same sense on both 
sidcs^ argument ceases to be useful, or indeed, possible. My 
object has been airaply to point out, to such of your readei^s 
as may feel any perplexity upon the subject, wherein what I ap* 
prehend to be the fallacy of the new theory lies. At the aime 
time, I have euileavoured to give a plain common -sense state* 
ment pf the matter as I believe it to have been generally under- 
stood from Newton downwards, Charles E. Conder 

Forest Hill^ AugtMt 23rd, 1801. 



THE SHEAEING STRAINS OF DEFLECTED GIRDERS. 

By HoMEEiSHAM Cox, M.A. 

I am much obliged by having had my attention drawn to a 
necessary cQrrecti<m in the short paper on this subject which 
appeared in tho last number of the Ciml Engineer^jf JournfiL 
After having shown the effect on tho rigidity of a horizontal beam 
of rectangular section, produced by dividing it into two similar 
halves by a horizontal section, the paper proceeded thus: — 

** Assmning the ultimate fltrengtb of a beam to be propoddoual to the 
moment of inertia of its transverse section, it follows almo that tlie 
breaking weight at the centre of the undivided beam is four times that 
at the ccntro of the divided beam."^* 

The ordinary assumption however as to the ultimate strength 
of a rectangular beam is, that it varies as the square of the depth 
of the beam, not as the moment of inertia of the transverse 
section. CoQsequently, the breaking weight at the centre of the 
undivided beam is twice (not four times) that at the centre of the 
divided beam. This correction applies only to the part of the 
paper relating to strength of beams, and does not effect the part 
relating to their rigidity. 



^ Tbt otntHftiga] force, ia teritti of the force of grarlty, it eqQal to 
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FOREIGN PaBLICATlONS. 

The first quarterly part of the volume for the present year of 
tho Mtvue Ut'n*'raiey of M. Ce*.4ar Daly, is now before ns, and 
presents some admimble illustrations, the most artistic being a 
plan and elevations of one of tlie ancient altars of the Abbey of St, 
Denis. This alLir, in common with the others which once 
enriched that abbey, was throivn down at the time of the French 
Revolution, and broken to fragments. Fortunately the frag- 
ments have been recovered, and, what is not les^ fortunate, a 
seriea of drawings have been found, made by M. Pereier iu about 
the year 1797, in which a great deal of the church furniture of 
the abbey is repix*sented. Guided by tbes'e, the experience and 
taste of M. Viollet le Due have produced a restoration of 
the altar, which to judge from tho illustration under notice 
must be one of the moat diarming bitsof work of its kind extant. 
The other ilhtstrations include some beautiful sfMiciraens of 
antefixie in terra-cotta from Pompeii; sundry details of roofing 
tiles, showiog varioiH forms and the mode of applying Ihem; 
several illustrations of a largo but commonplace public build- 
ing, the Mftison Eugene Napoleon, a work whlfch, notwithstanding 
its very moderate architectural merits, ^ due to so well-known 
an architect as M. Hittorff; a portrait of Sir Charles Barry, care- 
fully copied from one taken some years ago in this country; and 
lastly, an illustration with full details of a very ingenious movable 
ceutreiog to be made use of in the works for covering the Canal 
Saint MSrtin» at Paris, with a vault The centes for this preat 
work ai"^ to be constructed of iron, and to run on rails established 
for the purpose of carrying them; — three of them connected 
together form the centreing for a portion of tho vault, which 
when it has served its purpose can oe lowereii by screw-jacka — 
run along the rail till it is clear of the covered portion of work, 
and then raised again, so aa to take a fresh section. The idea la 
an excellent one; but the w^riter in the review indulges- in some 
criticism (not altogether unreasonable) on tlie propr>seil manner of 
carrying it out, as not presenting the necessary rigidity. A large 
]iart of this journal ia taken up by the reprotluction on ita pagea 
of the pamphlet on competitions of which wohavealrejidy, in omr 
last uumb<^r, given an account. A detailed account of the com* 



«0 



THE CIVIL ENGINEEB AJTD ARCHITECT'S JOURNAL 



t^<m.im 



pfrtiiioD for tbe Paris Opem-brtuae ia protniaed^ with illuatrntioiii 
of the principnt desiffoa RHbrniltcd. 

Nouvelies Annalef de la Cujuitrurtion, — This jouron!, part for 
Angast, coutainM RunoiincemeuU of tlie proposed ootomeneemeDt 
of exteuBive aiUlitioDnl milwny works iu Fmnce. The total 
length of the liuea of railway, "the eiecution of which may be 
considered na havini^ beeu sniictioned, in 10*946 kilometree (orer 
10,UX) miles), of which 044M kilometre» are in workiiigf order, 
and 749^ kilometres are in hand or h?ive yet to Ih* made," Id addi- 
tion to these it appears th.'it the series of railways forming the 
thinii ayatem (Roseau} is about t« be undertaken, The^e are 
enumerated, and com pme twenty- tive tinea, the majority of ^bich 
are short one.^, the grofw mileajro being 13:ij kilnmetrea, and 
the total of the estimates together 3li7,*>t>0,(;<KJ franca, giving a 
mean cost of S277,2tH> francs j>er kilometre. In the selection of 
these lines, attention has been given, we are tohl, to the partial 
completion of the general system of Freneh railways, the conneo 
tion of centres of pttxluction with seaport towns, &o,, uot however, 
it ia add till, tonin;^' nij^du of the precaution necessary for military 
protection of the frontier. 



LIST OF W0EK8 RECOMMENDED TO CANDIDATES 
FOE AHCHITECTU11AL EXAMINATION. 

The following works are i^eomraended by the Council of the 
Institute of britii^h AAjhitects to gentfeni«n proposing to become 
candidates, a» eontainitig so mueh of the information that can be 
gained from bnoks as is likely to be required in furniahing answers 
to the qiitjstion-pttpera, except Q|Hin }>articular Inngnages and 
styles that may be selected by oaudidatea. They embrace, — 
Dniwing and Design — Mathematics and Physics — Langiiages— 
Professional Pructice — Materials luid Conatruetion^ — History and 
Literature. 

Addison. Trefttiws on Xmw of CcmtmetB, and Rights and Liabilities ex 

Co)ritnv.>tu. 8vo. 186tt. 
Amos aad FerMii, Treatiee an tt» Law oi Fixtttres. 8vo. 1847. 
Ansted, Elementary Courte of Geology. &c, 8to. 185d. 
tAraott, Eieiaeuts of Physics. 8vo. 1828. 
Baker, Land and Engineering Purveying.* 18JS9. 
Baker, Meiuiuration.* 185d, 
•f*Baker, Principle and Practice of titatics and Dynamics. • 1951. 
Barluw, Tniati^' on the 8treugtb of Tiinl>er, Cfi»i Iron, Malleable Iron, 

and other Materials: riimti*! by lleatbor Mid WilUu. Svii. 1S15L 
Bartliolonu'W, Specificatiaud ft»r Prjictitivl .A.rchitecfcure, &c, 8vo. 1846. 
Bati-HTikr. Histoirc de TArt Mtmumcntiikk. 8vo, Paris, 1S59. 
Bti^mau^ Hiertorr and Art uf Wanning mid Ventilating Rooms azid 

BniMlij-s. <yo. 1846. 
Branii' - of Oothwi Architecttire. 4to. IS47. 

Bniff. : ., Field Work. 3vo, 1840. 

tBumdl, Lmu'jj*, CemeDts, Mortare, Ckincretea, Mas^cs, and Pkstering.* 
18S7. 
CasUo, Treatise on I^nd Surveying and Levelling. 8vo. IS 45. 
Chaiubtfrti, Tread^te on the Da(»ralive Part *if Ci\il Architecture; with 
EsiBAy ou Cirteian Architecture by Papwortli. Fol, 182(>. 
i-ChcrvTeiil, De la Loi du Contraste simultauif des Ci>uleurs, &g. Bvq. 
P*ri«, 1829 (with pbkteu, 4to. 183&): of this there arc abridgwi 
truiielations hy M artel, 1S51, and by t>[ianton, 8vo. 1830. 
Chitiy, TwAtise on the Law of C*ontracts. 8vrj. 1857. 
Cioi^ninrH, L« Fabbricho c i Monumcuti ooBpicui di VeneiUL Fol. 

Venice, 1858. 
Ow»y* Knovclopiedia of Civil Engineering. 8vo. 1856, 
trViWin, Art of Buikfing.* 1859. 
•hikiljium, Foundfttion« ami <^ncrete Works.* 1860* 
't^DotMoit, MaHotvry and Stone Cutting,* 1856* 
■hDobsoii. Student's Gnidtj to Messuring and Valning, Sto. 1843* 
-MJ4iuidilMi>n, Ii)tu*lli4K!k of Specidcuiions: with, t^len, a Review of the 
L*aw of t ontntcta. 8vo. 1800. 
Fairhairii, ^*n the AppUeatiou of Cast and Wixiught Iron to Buihling 
Pnrj*ost«. 8vo. 1854. 
tF'^:'r„Mi>-s.m, Hatulb<juk of Architecture. 8vo* 1859, 

P r's Art, or ft Grainmar of Colouring.* 1858, 

f V liment«r>' Chcmiit^}^• 1 848. 

I "1 '- 'f Elementary C'lieiaistry. 8vo. 1859. 

tin 1*1 iiB^nts AocienA et Mod^m^s. 4ti>, Paris, 1842-62, 

<i M rd 1 . : . ^ .:.< heiw x Edifices di» la Ville de Clones. PoL Paris, 1 830. 
ifihboni, Law of l-'ontracts for Wurks aud Hervices,* DS57, 
GibfcKiiis, Law of Dilapklaiiom and Nmsanot<«. 8vd. 1S4&. 

• T^^te (iMia portions of Wpftlo'a RtidltJientAty Trf4tl*e*. 

f Tbe*« m.rk* may be evJoulcil iM airoixnog ait alitvevlalwl, but tolerablf complete, 
t»une «il Eiigliitta iwliogcrf an eleaieoUrf character for btii4untai ii b«iii( pre«iai«il 
jhAt m cAob ca»e the rt-adcr will bo sUe tu dbooirer vliat p&iiMm {i£ not tke vlkolcj of 



■KtlGMMy <rf Terras med in Architecture. 8vow Oxford, 186L 

Grandjean and Famin, Architecture Toscane. FoL Paris, 184^. 
tGwUt, Eucyctopoxlia of Architecture. 8vo. 1 854. 
tHerschei, tJn Light, Stmn*!, &c. 4to. 1856. &c. 
Iiitt<»rff, L'Arvhitecturo Pilychrome. Fol. Paris, 1852, 
IbKl^^kinBon, ExpLTimental Researches on Coi^t Iron^ 6vo. 1846. 
fllcNskijig, Areliitccturfe ainl Building Construction. 4to. 1854, &C- 
Hutton, a Course of Mathenuntics. 8vo, 1824; and 8vo. 1841-3. 
Inniari, Ventilation, Wanning, and TVansniissiou id Bound. 8vo. 16S6. 
Letar^milly, Edifieoa de Rome Modem. F«l Paris, 1855, 
Loudon^ On Gardening, Itc. Svo. 1850, 
Lyell, Manual of Elementary G«ok>gy. Svo. 1855; sod dlify|9l«»eill» 

8vo. 1857. 
Malton, Compleite Treatiss on Perspective. Fr»I. 1775^ 
Malton, Young Painler'a Maulstick, a Practicsnl Trvatiss m Berapae- 

tivo. 4to. 1800. 
Mauch, Neue Systematiscbe Darstellmig der ArchitektonifKibea Onhiar 

gen. 4to. Dresden, 1850. 
Miliria, Vite; or^ Livee of Celebrated Architocts. Translated by Cresy^ 

Svo. 1826. 
Nicholson, Principles and Pracfcioe of Architecture. 8vo. 18i8. 
Noble, IWeasional Practloe of Architects, and that of MeaiuriQ^ Sttiv 

▼eyors, and R^fereuoe to Builders. 8vo. 1 836. 
Normandy ParaUul of the Orders ol Architeotore, edited by Pugin. FiciL 

182d. 
Palladlo, Les Bfttiniens ei Dwons, edited by BobzooseL FciL Viasm^ 

178G. 
Paslev, a Complete Omrwt of I^raetieal GMmetry aod Pta«i Drawiii|c. 

8vQ. 1828. 
Pn^lcv, Limes, Calcareous C'CmenH MortarSp Stucco, sad CcQcnle^ tei 

.Hvo. 1S47. 
PauiuuiiaK, a« a Text Book for the Greek language. 
Pliny, Hi8t*ria Natujulis, Books 34, 35, 3«, as a Text Boi* ftv tbft 

Latin language. 
fPortlock, Trt'ati^ie on Geology.* 185^, 
Pugiu, True Prineiplesn^f I^»inted or Christiim Architecture. Ito. 1 8 41* 
R<*<igrave, Eh-munt^ir)' Mancal of Colour. 18mo. 1868. 
Rt:i(J, Vt»uuif Surveyor's Preceptijr: an Analysii of AxvfaiCecltfnl l&n^ 

onration, kc. 4to. 1^*48. 
B«5pti3n, Liiad»cap« Gardening and Landscape Architecture^ edit s d igr 

L<iudon. 8vo, 1842. 
Eichanbon, Obciervations on the Architecture of England during tim 

Reigns of Elnsabeth and James I. 4to. 1837. 
Rtcltman, An Attempt to discriminate thfc Styles of English Arcluftee* 

ture. Svo. 184S. 
SerrtMlifaJco, Le AnticbitJi della Sictlta. Fol. Palenno, 1842. 
Rimms, on Malliematical and Drawing Instruments. 12nio. 1817- 
Bimm."*, The IMiiciple and Practice of fjeveUing. 9to. 18^ — . 
Society of Dilettanti, kauan Anfiquiti**. FoL 17«i0, 1797» 1840, 
Society of Dilettanti, tTntylitcd Antiquities of Attica. Fed. 1833» 
Stuart and Hevett, Antiquities erf Atlien<(. Fol. 1762, 1787, 1781^ 

1816; and the Unedited Antiquities, by KinnaJrd and othars. F«i. 

183ii. 
Taylor and Cresy, Architectural Antiquitis* of Borne. FoL 1828. 
+TijndinAon, Mechanics.* 18tll*. 

tToudinaon, Introiluction to the Study of Natural Philosophy.* 185^. 
-fTottdiuigc^a, Wanning and Ventili^tion, * 1858. 
fTredgokl, Elementary Prindpies of Carpentry, odited by Bailow* 4Uk 

1H40. 
Vitruvius, De ArchitectufA. 

Watson, Treatise on the Law of Ari*itration and Awards. Svo. lB40w 
W^ilkins, Prolusiones Architectonk^. 4to. 1837. 
Wixidfalb Practical Treatise on the Law of Landlord and Tesianfe. 

8vo. 1856. 
The Dictitmaries, by VioUet le Due, and by the Architectural Putilioi^ 

tion Society in progrotia. 



WORCF^TFJt CATHEDRAL RESTOILITION. 
This edilice haa for a lonf; time been under repair. R^^rrently 
the choir has been close^i. and the nave fitted up for daily service 
till the choir restorations are conpleted^ a temporary altar lieiug 
plftced at the west end instead of the east, and stalls srraugiKl 
fl>r the canons, choristera, &c. The re^^torations, as far as ihoy 
have proeeede^i, include a new enst window, which has been portly 
filled with sUined gla^s. The east end has, indeed, been a 1 moat 
entirely I'ebuilt, and the north -east transept is now nndcrgoiug a 
similar process of vest oration, which will take a k>ng timetocxun- 
plele. The aoutli-euHt trniiHept has joat been tinished; H ia, in 
fact, aim out rebuilt. This trunsept was until lately blocked up 
by some Italian ni-cbes, which were altogether out of keeping 
with the Early EugUsIi stylo of the choir; bwt were placed ther^ to 
support one of the piera standing at the junction of the transept 
with the aisle, These arches have now been cleared away^ and 
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the fftulty pieri recivuatruct^d. The tbree walb of the tmosept 
hivre be^u Almost rebuilt, and tbe iniiUioDa and traeery of tli9 
windows restored. Tire piert at the outer angles bad become 
considerably out of the per|»eodiculnr, bat they have now been 
carried up straight and itreiigtheiiL»tL The earvings which run 
aroonil the traneept in the arcade under the windows, and which 
areiDterestiag from their great antiquity and singularity, have bin* a 
reatortd with tb« jfreateat care. The alterationa iq the tranaefjt 
gPMlly increfise it8 beauty and apparent altitude. To support 
9ie heavy groioinjaf during the rebnildin^ of the walla, a very 
maaalve framework of timber was erected by Messrs. Hemtniag^ 
of Worcester, reaching fmm the floor to the springing of the 
Uroius. This ha8 now k>oeu taken down aiid erected in the cor- 
responding transe|>t on the other side of the choir (the north- 
eaat), in order to anpport lU roof in a similar manner. 

At the angle of the west transept, aa the workmen were 
engaged in a«oertaining the aafety of the foundation, they came 
upon a series of early Nurman a rchea and pi liars, corresponding with 
those of the crypt, froiu which a doorway oommnmeated to the 
portion just di3oo%'eretl, provnng that 8t. Wulfitan'a crypt musii 
nave extended further towards the nurth than it does at present. 
The vaulting of the roof was gone, but fragments of it were left at 
one point or two where tt sprang from the shafts, ATiother 
discovery has been made at the east tmusept, on the south side 
of the cathedral. The steps which led down from the aisle, at the 
rear of Prince Arthur's tomb, wei*e being carried further hnck, 
in order to show the bases oif the columns at the angle of the 
transept, when the workmen found the ancient steps beneath the 
moderu ones; and immediately under one of the steps was a 
Pur(>eck marble slab or cof!iu-lid, representing some distinguished 
person, the style of whose drapery, and general appeanmce of the 
carving, imlicate the workmanship of pri»babi)' the early pai-t of 
the thtrteeuth century. The restorations are from Ihe designs 
and under the direction of Mr. Perkins, 'architect^ Worcester. 
Mr. Bennett, of BirmtDgham» is the contractor. 



that is necessary. From thts the gas passes Into the holder, 
which is of the ordinary descriplion. The retort having been 
made red hot, the gat coal, whrcb is broken small, is shovel le^i 
into a kind of funnel, containing about nine pounds weight, and 
the cork mentioned above Ijeing removed, it is poured into tbe 
cylinder. The cork is immediately replaced, and the handle 
working the screw is turned round for one or two minutes. Tiiis 
operation has the effectof sending the coal well into theVetort, and 
after four or five charges are put in at the rale of one every hour 
or so, supposing the i^tort to lie empty at the commencement of 
expeiling the coke of Iho first charge down the other cylinder 
into the water, from wheuce it is dragged out by mean^ of an 
instrument made for the purpose, and used to feed the furnace 
fii-e. By these very simple contrivances all nuisance is avoided, 
and though the apparatus df>es not consume its own smoke, VkiQ& 
or no incQUventence is #5tperienoed in consequence, 

Thisap^x-iratus was invented by Mr. G. Bower, (who has taken 
out neverjil patents for gas purpose^,) but has been much improved 
by the present manufacturers, who are the proprietort* *>f th© 
patent. On a recent visit to the works of Messrs. Porter and Co,, 
at Lincoln, we were shown in addition to the above, one of their 
new apparatus for farm-yanl purposes, called the *' UniversaV* 
in full operation; and from its extreme simplicity, co)Mp*ictne>S8, 
and general efficiency, we are inclined to express ourselves more 
favourably of it than of the " National^ the refuse of the house- 
bold coat shed can be -employed, even to the smallest dust; and 
the cheapness and porUbility of the whole affair are great recom* 
mendations. The *'Nationar' apparatus appears to be more 
jmrticularly adapted for caun^l coal, which gives a s^ of ffreat«r 
illuminating power and cleanliness than that obtaiued fr^jm 
coniraon coal. We can recommend these inventions to the notice 
of the profession, and to those who wish to obtain a beautiful 
light, to be pi'oduced on their own premises, at a cost stated to be 
(inclusive of interest on capital invested and labour) one-third or 
one-fourth that of candles or oiL 



[ALL GAS WORKS FOR PRIVATE RESIDENCES 
AND ISOLATED BUILDINGS. 

Within the last fewyefirs numerous vilkgcshaviug populations 
of 1000 inhabitants and npwanh have been etficiently lighted 
with gas, thron^rh the medium of limiteiJ liability companies, and 
these undertakings have generally l>een attended with eonmiercial 
fluccees, la 8coiland even harabts and much sm:iller villages than 
thoae alluded to have formed compinies, and a^mdiietod their 
operations in a more limited but equally advantageotia manner; 
while our transntlautic brethren light up every collection of 
houses hsving any pretension to Ijo a town or village, and almost 
every iaohited building has its own gas appaiittus. Our attention 
has recently been directetl to an apparatus for the manufacture 
of coal gas, for use in detached bnildings or villages, and which, 
from the testimony of many who have used it, appears to accom- 
plish its purjiose in the most satisfactory mnnner. The apparatus 
IS almost jKirt'kbb, aud is said to h^ simple in management, and 
free from most of the ordinary nuisance connected with the manu* 
f^icture of gjui. We allude to the National Coal Gas Apparatus, 
tnanufacturefl by Messrs. Porter and Co., gas engineers, Lincoln, 
who, although chiefly eugngetl in the erection of works of mag- 
nitnde, have constructed a large number of the apparatus referrSl 
*lo within the last two or three years. The retort, whioh is 
circular, open at both ends, and tai>ered from the one end to the 
other, in fixed horizontally in a nearly squJire small fnimework 
of iron, filled in with brick, for the construction of the furnace 
(the door of which is at right angles to the retort) and flues, and 
for the purf>ose of keeping' it fii-m. At the small end, and on the 
iipf>er siile of the retcat, which protrudes slightly from the frame- 
work, a small cylinder of cast-iron is fasteuefl perpendicularly, 
having its mouth closed hy an iron cork, ground so as to fit it 
dose, and through the Ix^ttom of this a screw, turne<l by a h^nrlle, 
extends into the i^tort for about a third or so of it.i length, At 
the other end of the retort, which i? about flush with the frame, 
another, but a larger cast iron cylinder, is fastened, Tliia is also 
perpendicular to the retort, but extends to the lower side of it, 
and its mouth stands in a large pan, sunk in the ground and filled 
with water. On the top of this cylinder is firmly fixed a two- 
inch cast-iron pipe, which, having two elbows, serves to convey 
the gas intii the purifying portion of the appsmtua, which, though 
not more than four feet in height and two m diamet&Ti contains all 



NOTES OF THE MOlfTH* 

Chichester Cathffdrat.— The cathedral of Chichefiter is again 
opened for divine service. To adapt it for this purpose the great 
archway is closed up temporarily, A sufficient sum has not yet 
been collected for the restoration of the spire. About £'30fiOO 
has been gathered, but ^20,0(X> more is required. 

Steel Railway A.rle$. — A large number of steel axles, especially 
cnu>ked axles, in addition to steel tyres, are now in use on the 
London aud North- Western, North London, aud other lines. Of 
the cranks many are Krupp's, and a cousiderable number are 
now being made by Messrs. Naylor, Vickers, and Co., of Sheffield. 

The AgrkuUitrat HalU IfUngton, — This hall, which is intended 
to accommodate the Anuu;d Smilhfleld Siiovv, and for other 
purpwes, is ahtnit to be commeuced, the contract for its construo* 
tion having lieen taken for £il-k,tn>0, 

Eastifrn Bengal Rmhmif. — The works upon this line of railway 
are now nearly completed. The two principal bridf^^es are over 
the Echamulty and Koomar rivers, the former having eight, and 
the latter twelve sfwins of 80 ft, each. These works are well 
forwanl, as are also the stations. The line isexpt'Cted to be ojiened 
by the middle of 1k5± 

New Church of St. Fhiltip and SL JnmfJt, Ojf/w^.— This 
structure is progressing under the superintendence of the 
architect, Mr, U. £. Street Its princijjal dimensions are, nave 
78 ft by 2i> ft.; chancel, 3D ft. by 20 ft; north and south transept«> 
each 17' ft. by 16 ft; north and south aisles, each 78 ft. by 7 fl,; 
vestrj*, 13ft, by 13 ft,; south porch, 8 ft, by 8 ft.. The nave ti 
3.5 fu hi^di to eaves, and 48 ft. to a|>^x of USarded ceiling. The 
chancel is 20 ft high ti^spriuging of vaultinjr, and ,34 ft. to crown. 
The tower will be 85 ft. high, surmounted by a spire fio fk, high. 
Externally, the ridge of nave will be 68 ft^ and that of chancel 
55 ft from ground. Tho walls are built with Gibraltar stone, 
faced in the same way insi-le and out. The dressings^ j re of Box 
Ground stone, with omamental courses of ret! stone. The rhanoel 
and steeple are groined in stone throughout. The columns 
generally, inside, are of Devonshire marble, but those in the 
main arcades of the nave are of re*l Aberdeen granite. The 
work is being executed by Mr. Joseph Castle, builder, of Oxford, 
whose contract for the whole will amount to about XiSaOO. 
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The Pre^ervalhn 9/ Timber. — ^The succeBS which has attended 
the empbymeot of Dr. Boucherie's process of impreguating lim- 
ber with sulphate of capper is well known, hut the ooet of apply- 
ing the preservative hatj hitherto prevented its application to 
ninny purposes where the pre-servation ia as important as for 
mil way sleepers and telegraph posts. To remove this impediment 
Messrs. Dorse tt and Blythe have introduced a new and simple 
method of injection, which is to force into the pores of the wood 
the Antiseptic liquid by means of a vacuum first produoeti in the 
pores, and, after the admission of the liquid solution, continued 
pressure of 120 lb. to 150 lb on the square inch, in strong close 
cylinders, that are not acted upon by the sulphuric acid in the 
salt of copper. The inventors inject the acid solution either 
hot or colcl, without injury to their apimmtu-^, whilst the co&t is 
below that of creosote, the wood is clejin and inodorous, is nearly 
inoorabuslible, and can be worked up for buildtnsj and other 
purposes like unprep.ired wood. 

The Proposed Bath Market ImproveynmL — Seven sets of plans 
have been eubniitted in competition for this work, and they are 
now on view at the Guildhall, Bath. The first prize of -£60 has 
been awanled to Messrs, Hickes and Isaac, of Rnth, and the 
second of £20 to Mr Green, architect, Loudon. 

St. Andrew's Church, Lie<^ter, — The style of this new church 
is Efirly English. The gi-onnd plan consists of a nave with 
transepts, a chancel with semicircular apse, and a vestry at the 
north-east corner. The principal entrances are at the west end, 
and through a lofty porch on the south aide. The church is built 
almost entirely of brick, the exterior being red, and the interior 
yellow, and both ornamentally banded with blue. The windows 
are simple. There is no cjirving on any of the stonework, but 
the elffct of the whole, both intem.iUy and externally, is grace- 
ful and pleiising- A chamber for the organ ia built over the 
vestry, and o|K?n3 into the chancel. The chancel and transepts 
are separated from the nave by lofty brick arches, and the roof 
is of very high pitch and wide span. 

Stouifhton Churchy Leicestershire. — The restoration of this 
church is progi-essing rapidly under the superintendence of Mr, 
J. Firn, Leicester. The tower and spire which were found to be 
unsafe owing to the roots of the trees surrounding the church 
having disturbed the foundations, have been taken down, and the 
tower is now rebuilt as far as the middle of the second story. The 
restoration is being judiciously carried out, every detail being 
replaceil without alteration, and all the sound atones of the original 
fabric being retained. It ia intended shortly to restore the chancel 
and the body of the church, which are almost equally unsafe with 
the old tower and spire. The present chancel — thougli contiiin- 
iog sulficient traces of its Driginal appearance to enable a satis- 
factory restoration to be made — is in a lamentable state. 

Telluric' Currentt, — Some time since some highly interesting 
experiments were made by the Vicomte de Moncel, electrician 
to the Administration of French Telegraphs, with a view to the 
further investigation of currents paii^ing thi-ough the earth, a 
subject to which attention had several years ago been drawn 
by the researches of MM. Palagi and Hogc.\ M, de Jloncel has 
now published some further observations on the question. 
Having previously attributed the telluric currents alluded to to 
the diferent degrees of moisture at the points where the metallic 
plates lie buried in the ground, he now examines whether the 
relative dimensions of the plates may not exercise an influence 
in the production of currents. To ascertain this experimenljdly, 
he dipped a large and a small plate, both of the same met^il, 
into water, and found that a current was produced, going from 
the large to the small plate. M. de Moncel exph^ins this by t!ie 
argument that under the influence of the liquid in contact with the 
phitea, the latter are oxidised, and therefore tend to create two op- 
posite currents, whith wouhl neutralise each other did they arise 
under the same circumstances; but if one of the plates be larger 
than the other, tliia is a circumstance which will create a prepon- 
derance on one side, and a current will be the consequence. 
Hence, if two plates be buried in soils of equal humidity a lelhiric 
current may take place, provided the plates be unequal in size. 
He further shows that if two plates of the same metal are polished 
or scoured unequally, so that the one is more liable to be oxidised 
than the other, a current will ensue, and that the one which 
is moi-e sulyect to oxidisation than the other wilt furnish the 
current This explains why it is difficult m»t to obUiin a current 
with two plates of equal dimensions buried in a wet soil — viz., 
beciuse it is extremely difficult to tind two plates exactly in the 
iiajue condition 



Statue to the late Sir Charles Barry. — At a meeting of the 
subscribers to this memorial to Sir Charles Barry, held at the 
Institute of British Architects on the 12th ult, Mr Tite, ILP^ 
Preiident, and Treasurer of the Fund, in the chair, the committee 
reported as follows: — "That the subscription amounted to ^46; 
tliat they had applied to the Chief Commissioner of Works to be 
permitted to erect a marble statue In Westminster- ball, at the top 
t)f the steps leading to St, Stephen'a-ball; that the Hon. W. 
Cowper expressed his willingness to grant this site, oi* one outside 
in Palace*yard, where the statues of Stephenson, Brunei, and 
Locke were to be erected; that the C^ommittee on the Decoration 
of the Palace of Westminster had, however, refused the site in 
Weatminster-halh but 8Uggestetl and offered the landing at the 
foot of the staireaae in the inner lobby, leading to the committee- 
rooms, commonly called the 'Witnesses* lobby ;^ that the commitee 
recommended the acceptance of this site, and that a marble statue 
by Mr, Foley, RA., should be erected at that place,"^ Af%er 
discussion these recommendations were all adopted, and a sub- 
committee appointed to carry them into effect. 

The Proposed New Bridge at Blackjriars, — The design by Mr, 
Thomas Page, C.E,, for, the new bridge at Blackfriars, is one of great 
boldness and magnificence. It is of combined granite and iron, ajid 
enormously massive in all its details. It consists of only three 
arches, the centre span being 280 ft, or 40 ft, wider than the centre 
arch of Sonthwark-bridge; the two side arches are of 220 ft. span 
each. From the springing of the arch to the crown is a rise of 
20 feet. The spandrels of the outer rib on each side aro closed^ 
but filled up with figures in the bas-relief and ornamental scroll- 
work. The coniiee beneath the parapet is of bold and handsonae 
design. The piers are four in number, all of granite; each on its 
extremity ia surmounted with a Doric column of pwlished reel 
gi-anite, 40 feet in height^ 23 feet in diameter at base and capital, 
and 18 feet diameter in the shaft: their capitis reach to the 
summit of the bridge, and it is propose<i to surmount them with 
colossal groups of statuary. The length is only a few feet greater 
than that of the present bridge^ but its width is 76 feet against 
42, There are two footways of 14 feet wide, instead of as now 
two of 7; and two tramways of 8^ feet each. These ai-e in the 
centre of the bridge, leaving two roadways of 16 feet each for tb^ 
light traffic and omnibuses going and coming. The whole area 
of road and footway is nearly 78,000 fpet, instead of 41,000, the 
area of the present bridge^ which coat per square foot of surfiioe 
£3, 15*, 6d. The cost is estimated at from X24.:»,000 to je24>0,000. 
which is at the rate of rather less than £'X 6j?. a-foot, or nearly 
half the price of the present structure. The piers are 28 feet wide 
by 12<> feet long. Two of these are proposed to be constructed in 
the following manner, as adopted by Mr. Page at new West- 
minster bridge: — Over the whole area are driven bearing piles of 
elm, deep into the clay, at intervals of 3 feet apart Kound this 
cast-iron piles are driven to the greatest depth to which they C5an 
be forced. These iron pilej* are cast with a groove in their aide, 
capable of eontainijjg the edge of a slab of granite 24 feet thick. 
B<itween these iron piles these stabs of gnmite are slid ton depth 
of nearly 12 feet below the bed of the river, and rising to low* 
water mark. All the area of the pier thus inclosed is then 
dredged out between the bearing piles, and the slabs of granite, 
iron piles, and elm all firmly bolted together by a seriea of 
iron tie rods. The space is then filled in with concrete up to a 
little below low-water mark, where the courses of solid granite 
commence. The whole pressure on the foundations would not 
exceed three tons per foot. The arches are of wrought and cast. 
iron combined, as in Westminster- bridge. Of the 260 feet spaa 
of the centre arch, 100 teet is of wrought-iron. The two smaller 
arches, of 220 feet, have 70 feet of wrought metal, Tlie approaches 
are wider and at a much less steep incline than at present, the 
gradient being reduced from one in 24 to one in 40, The highest 
part of the proposed structure is a little more than leet lower 
than the presents The whole surface of the foot and roadways 
is forme<l, as at Westminster, by buckle plates of iron, ^atened 
between the ribs. Over this is a layer of blocks of wood and 
asphalte, and over all the granite pitching. In addition to the 
design by Mr, Page briefly described^ designs have been furnishetl 
by Mr. Barlow, Mr. Brereton, Mr. Goodcbild, Mr, Brunlees, Mr, 
Joseph Cubitt, Messrs. E. Bidder and E. Clarke, Mr. R W» 
Mylne (grandson of the architect of the present bridge), Mr. 
Fowler, Mr. Hawkshaw, Mr. G, Rennie and Sir John Bennie: 
there it* little doubt, however, that that by Mr. Page will be tbe 
one executed. 
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NEW BRIDGE ACROSS THE THAMES AT LAMBETH. 
(With Engramngi.) 

The intended new bridge at Lftoabeth, which ia in course of 
erection by a compaDy incorporated by act of parliameuti will 
connect Church -street, Lambeth, with the Horseferry-road, 
Westminster, IXm oonatmction will be iinderBtood by Plates 27 
and 28. The site is one proposed by a Committee of the 
House of Commons, appointed in 1854 to consider the necessity 
of providing more metropolitan bridges, and a bridge in this 
situation has been toug projected, an act for its construction 
having been obtained as early as 1836. It has however now be- 
come a work of far greater necessity than formerly, from the 
rapid increase of the neighbourhood. 

The bridge will consist of three spans, each of 280 feet, with 
a clear height of 21 feet at the centre above Trinity high- water 
mark. The width will he 32 feet, conaistiug of two footpaths, 
each 6 feet wide, with a roadway between them of 20 feet^ 
giving two lines of carriageway. 

It is estimated that thi^ width ia sufficient without pressure 
or inconvenience to take a tniffic equal to double that oi Water- 
loo-bridge; a limit which ia not likely to be exceeded while it 
remains a toll-bridge. The bridge is however designed ao that 
an additional width for two lines of carriageway may be added 
(making the accommcdation equal to that of London-bridge), 
without interfering with the traffic, whenever it may become 
desirable. The average inclination of the approaches to the 
aummit of the bridge will be I in 27, commencing vAih an in- 
clination of 1 in 20 for 200 feet on each side. Although this 
bridge will be constructed on the suspension principle, it will 
differ from others erected in this country, in having cables of 
charcoal iron wire, instead of the ordinary wrought- iron links. 
It will also be distinguished by several important mechanical 
features. 

The rjlatform is composed of wrought-iron plates rivets to 
longituainal and transverse wrought-iron beams, so that the 
roadway forma a horizontal girder of great strength to prevent 
lateral motion. The platform is suspended to the cable, not by 
vertical rods, but by rigid lattice aides riveted to the longi- 
tudinal beams of the platform. These lattice sides are intended 
to prevent the longitudinal undulation which necessarily occurs 
in other suspension bridges supported only by vertical rods. 
It is further sought to check disturbance by attaching the 
cables to the ataudiirds; and not as hitherto done, to a saddle al- 
lowed to move freely on rollers. The standards will be constmcted 
* of wrought-iron, and form au essential part of the design, act- 
ing in combination with the lattice aidea to produce lateral 
rigidity. This m certainly au original combination. The road- 
way will be covered with macadnmised granite. The us© of 
timber in the roadway platform will thus be entirely avoided. 

The employment of iron wire for auspension cables, although 
new in this country, is frequent on the Continent and in America, 
and ia thought to posseaa aome decided advantages. The superior 
tensile strength of iron wire as compared with bar-iron is well 
known. An ultimate strength of 40 tons per inch sectional area 
13 guaranteed for the cables used in this structure, by the ocn- 
tractors, Messrs, Newall and Co. 

' The cables will be four in number, each composed of seven 
atranda; the section of each strand being 3*5 inches. Thus the 
total section of wins la 98 inches, calculated for a direct tension 
of 3920 tons. 

The total weight of cables is 150 tons, and each strand will not 
exceed 6 tons in weight E:*ch strand is composed of seven 
smaller strands, and each of theae latter of seven wire^: a fathom 
length of the cable wiU weigh about 626 lb., a fethom length of 
eadi large strand, 75 lb. 

The cable will he manufactured on the spot, each strand 
strained and delivered from the machine at once to the site on 
the bridge, &nd thus the strands will be carried in continuous 
lengths across the river. The abutments will be brickwork in 
Portland cement 

The total weight of superstructure for one bay is estimated at 
300 tons, the majdmum distributed load (at 80 lb. per foot super.) 
at 300 tons: total 600 tons. This would produce a total hori- 
zontal tension on the cables of 875 tons by the ordinary rulea. 
But Mr. Barlow appears to anticipate that this tension 'will be 
reduced to one-fifth of the breaking strain by the action of the 
Uttioo bars from which the platform is anspended. 



The river piers are composed each of two cast-iron cyllndera, 
12 feet in iliameter, driven 25 feet into the bed of ths river, which 
oonsiata of solid London clay. The cylinders are formed in six 
aegmeuts 9 ft. 6 in. long, with flanges, which are planed ao that the 
Burfacea accurately fit, and are thus rendered perfectly watertight. 
The mode of sinking the cylindera will be similar to that adopted 
at the Charing Cross-bridge now in course of construction. The 
cylinders will be filled in to within 4 feet of the level of the bed of 
the river with Portland cement concrete, and above this level with 
brickwork laid in good Portland cement Cast-iron cylinders 
have generojly been filled entirely with concrete, but the engineer 
has adopted brickwork to provide for the contingency of a 
fracture of the cylinders, in which case the interior will present 
a column of brickwork of ample strength to support the structure; 
in fact the principal duty of the cylinders here ia that of a 
cofferdam, to enable the piexa to be constructed. The area of the 
two cylinders will be 226 square feet, and the greatest weight 
they will have to carry when the bridge haa its maximum load will 
be 660 tons; the pressure per square foot on the clay will therefore 
be under 3 tons. 

The anchorage or abutments are each composed of a rectangular 
mass of brickwork and concrete, weighing 1500 toua,— on the 
Wcatminster aide the clay dips below the level of low-water, and 
ia covered with a bed of gravel, which extends within 5 feet of 
low-water mark. The foun^i^tions for the anchorage will be 
formed by cast-iron square boxes, flanged and bolted together, 
and open at both ends, carried down to the gravel, and filled 
with concrete. These boxes or cells are bolted together, both 
at the top and bottom, and thus in combination form a horizontal 
mass of sufficient strength to carry the masonry, and at the 
same time form the anchor-plate to which the strands of the 
cables ai'e attached. The Lambeth abutment rests on the 
gravel without the aid of such boxes, and the cables are attached 
to massive cast-iron plates on which the brickwork rests. 

It is one of the advantages of a wire cable, that an equal tension 
upon every portion of its section can be secured. Each strand is 
passed over the standards and down a vertical ahaflL at the back of 
each anchorage. A steel link, furnished with a powerful right- 
handed sci-ew, is attached to the anchor-plate, and a aimikr link 
with a left-handed screw to the end of the strand. These screws 
are received into an octangular barrel screwed at the end to re- 
ceive the right and left-handed link screws, and thus, by a lever 
or spanner fitting the octangular barrel, each strand, after being 
tested to 16 tons per inch of sectional area (doable the greatest 
strain it ia expected to undergo) will be adjusted to take its 
exact position in the bridge. 

It only remains now to describe the atamlarda, which are calcu- 
li! tod to receive a vertical pressure, and are constructed in boiler- 
plates, similar to the upper web of ordinary girders. The aectioa 
of metal allowed is such that the greatest strain from the 
maximum load will not exceed 2*75 tons per square inch. It is 
not proposed in the firat inatanoe to go to any expense ia malting 
them ornamental. If it be hereafter considered advisable to erect 
towers of an ornamental character, this can be done as a casing 
to the acting vertical beam or atandard, without interfering with 
the traflic of the bridge. 

The following ia a statement of the estimated cost: — 

The <^lindei«, at the price paid in fiimikr cases ... £5000 

The abutments, oont&umig 3000 cubic yards of concrete and brick- 
work in Portland cement, at an average price of 20«. per cubic 

yard 3000 

Cjutt-iron in equare cylindcrB^ anchor plates fixed complete, 

100 tona, at £12 per ton -.. 120<J 

Wrought-iron cables fixed complete 600(r • 

Wrought-iron riveted plates for roadway platform complete, 

450 tons, at £20 ... 9000 

£24,200 
Bood metalling, and other cootJngeiiGies ... 3,800 

£28.000 

The engineer is Mr. P. W. Barlow, who states in hia report to 
the directors that the works have been lot at this sum. 

The length of the bridge between the abutments being 640 feet^ 
and the breadth 32 feet, the area will be 26,630 superficial feet. 
The estimated coat of construction (^28000) would be less than 
;^1. 2*. per superficial foot It is expected that £-10,000 will oover 
the value of property interfered with in the approaches, as well 
as the oost of the works. 
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The oontrftctors for the cable are Messrs. Newall and Co. of 
Gktesheadf cear Newcastle, and for the execution of the work, 
Messrs. Porter and Co., of Birmiaghani^ The time of completion 
meDtioned in the contract is August 18&2, but the contractors 
anticipate that the bridge will be open to the public in June 
nexti being an earlier periftd than the one stipulated in their 
contract; provided that the approaching winter prove favour- 
able to the uninterrupted prosecution of the works. 



THE PROGRESS OF INDIA, 

A Parliamentary paper has been recently issued containing^ a 
statement exhibiting the moral and material progress and con- 
dition of India during the year 185D'60, which presents an account 
of the character and extent of public worlw in the course of 
eonstrnction and contemplated, and of the working of those 
departments of the Indian government that are conuectwl with 
the arts and manufactures. In a former number of the Journal 
we noticed the annual Report on the Rallwajn of India, which are 
only incidentally referred to in the present rarliameutary paper; 
the public works more parttcularly mentioned, being the con- 
struction of common roads and canals. 

The report commences with a narrative of the course of 
legislation during the year, from which we perceive that Acta 
were passed for the amendment of the patent law, for enabling 
ioint stock banking companies to be formetl on the principle of 
limited liability, for regulating the estibliahment and manage- 
ment of electric telegraphs, and for the determination of disputes 
between workmen engaged on railways and on other public works 
and their employers. In these Acta there is considerable 
variation from the Acta of the Imperial legislature, piiased ft^r 
similar objects; some of the alterations having special appli- 
cation to the |>eculiar circumstances of India, The Act for 
granting exclusive privileges to inventors, though based on that 
of the United Kingdom, requires the inventor to submit a 
petition to the Governor-Genertil in Council, describing the nature 
of the invention, and to obtain an order before filing his specifi- 
cation; the Governor-General being empowered berore making 
«uch order to refer the petition for inquiry. This preliminary 
form is stated to be adopted to check the filing of specifica- 
tions in frivolous cases, and it is desirable tliat some such check 
should be applied to the rapid multiplication of patented 
inventions in this country. The duration of a patent is for the 
same term as in England, but the Governor-General may extend 
it for fourteen years, or he may declare an exclusive privilege to 
ceaae. The utmost limit to which the term of a patent can be 
extended in this country is fur seven yeai-s. An importer of an 
invention is not to be allowed exclusive privileges unless he be 
the actual inventor, and the Act defines an invention to be new 
if it haa not been similarly used or made known in the United 
Kingdom or in IudL\ previously to application for leave to file a 
apecification; but an inventor to whom her Majesty's letters patent 
luiA been granted may obtain exclusive privilege to vend the 
same invention in India if he apply for it within the twelvemonths 
from the date of the English patent. The English patent law would 
be improved by the adoption of some of the more stringent regula- 
tions of that of Inilia, The provisions of the electric telegraph 
act are chiefly peculiar to India, They provide for the punishment 
of persons engaged in the telegraph department for divulging 
i&dftaages, whether transmitted with or without an express direc- 
tion for secreey ; and the Act renders punishable the offer of a bribe 
to any person in the employ of the government in the telegmph 
department. 

The number of letters and newspapers that passed through tho 
Indian post-office in the year 18i>9'60 waa considerably less than 
during the year preceding, the falling otF being attributed to the 
reduction in the number of European troops, and to the absence of 
com mercial activity. This diminution was confined, however, to 
the uortb'Westem provinces, in which the number of articles pass- 
ing through the post-office waa reduced from 18,424,0€8in 1869 to 
l7,3tJ7,07^ in iseo. The total number in aU the presidencies 
amounted last year to 50,497,999. The book packages increased, 
and the cumber of registered letters was also considerably larger 
than in any previous year, having amounted to 566,424; the 
proportion of registered letters to the whole correspondence being 
rather more than one per cent. The financial results of the post- 
office operations, notwithstanding the falling off of correspondence, 
have been very aatiafactory, and exhibit a surplus of 2^070^109 



rnpeea above the expendituFe; the two amounta being, receipt* 

6,582,903, and the disbursements 4»5l 2,793 rupees. It is rfot to 
be expected that in a country like India the same regularity and 
security can be attained that wo are accustomed to in EuglAQd, 
and complaints are oonse^iuently numerous, 1696 having b«en 
recorded during the past year, though the director-general of the 
post-office asserts that a large pro{)ortioQ of the complaints aro 
ground leas^ and he observes that in noticing the shortcomings of 
Uie post-office department in India, the public are apt to overlook 
the special difficulties which the post-office in India labours under 
from the want of efficient soi-ters and letter carriers. Another 
source of uncertainty which we have fortunately long siooe ceased 
to experience, arises from attacks on the mail carta. During 
the year not less than fifty robberies of the mails took pla«ey 
twenty of which occurred in the presidency of Bombay, and is 
very few instances were the robbers apprehended and punisbed. 

The report of the electric telegraph department exhibits aictive 
progress in extending and improving the lines, and increased 
appreciation of the value of telegraphic communication, Th© 
wires last year extended over 10,994 miles, and 156 offices were 
open for public correspondence, though several offices had been 
closed during the year, as being no longer necessary' for military or 
political purposes. When the electric telegraph was tirsl 
established in india, the lines were made on the rough-and-ready 
system. The posts to support the wires were bamftios, and Oio 
instruments for transmitting signals were mere ordinary galvatt- 
ometera of the simplest* construction. The bamboos soon gave 
place to wood, but the rapid destruction of the posts having 
occasioned great expense to preserve and replace them, iron 
standards are being substituted for them all over India, and ia 
the plains it is proposed to erect very lofty iron masts at great 
distances apart. Experience has proved in India the correctaeas 
of what hiua been contended for by one of the electricians of Ibis 
country, that the insulation of the wires at the poets is a matter 
of little consequence, for rain water is a very imperfect conductor 
of electricity, and the principal thing to be guarded against is 
actual contact of one wire with another, and with the standards^ 
when made of metal. The insulation of the wires on the Indian 
lines must indeed be very good, for it ia stated that the instm- 
ments had been frequently worked direct from Calcutta to Bom* 
bay, a distance by the wii'es of 160O miles. The instrument 
generally used is the Morse telegraph; but instead of employing 
it to impress the message on symbols on a long slip of paper, the 
messages are transmitt^ by sound. That mode of applying the 
Morae telegraph had its origin in America, the instrument beiti|^ 
literally made to speak at a distance of 1000 miles. This ia tbo 
last marvel of the electric telegraph, and Di% O'ShaughnessT, 
the superintendent of the telegraphs in India, has intrt)duced*it 
there before it has become practically known in England, La 
this mode of conversing telegrnphically the symbols of the Morwi 
alphabet are employed. In the ordinary use of that instrument the 
*^ keeper" of an electro -magnet impresses dota and strokes in a 
single continuous line on a baud of fmper that is kept moving UQ^ 
demeath it; and by the arrangement of those dots and strokes in a 
diversified manner, all the letters of the alphabet are indicated* 
In transmitting by sound the ear distinguishes the length of the 
intervals between the pulsjitions of the keeper, when it strikes 
instantaneously to make a dot, and when the contact is prolonged 
to make a8troKe;and in this manner the symbols indicating the 
different letters are heard. Though this plan of transmiaeioii 
greatly simplifies the use of the Morse telegraph, it is more liable 
to error, and no record is preserved of the signals actually traoa- 
mitted. The errors in the transmission of messages in India are 
not, however, so great as might be expected under such circum- 
stances, for it appears that in the last year not more than on© 
message out of 65 was erroneous, or one word in 1182. The 
business transacted is rapidly increasing, and one of the most 
encouraging features connected with it ia the increased appre- 
ciation of the electric telegraph by the native merchants. The 
totU number of private messages in all India, Pegu, and Ceylon- 
in 1858-59 was 101,164, and in the succeeding year they amounted 
to 170,566. The "service" messages, on the contrary, had 
considerably decreased, in conse^iuence, no doubt, of the more 
settled state of the country. The increase of the messages sent 
by native merchants and correspondents was from 39,724 to 
71,554; and they increased not only in number, but the average 
length of the messages sent wae much greater. Not\\ ng 

this satisfactory state of the electric telegraph in In i >e» 

not yet pay its own expenses, though its value to the govetnmetit 
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is not to be estimated bj poundsj sbillinga, ojid pence. Dr* 
CySh&iiglmeBsy complains, somewhat bitterly, of many grosa 
instftnces of criminal neglect in the persona' employed, and he 
doabta whether that sad drawback to the efficiency of the electric 
telegraph can ever be obviated until the chief stiperinteudent has 
power to dLsmiss the ofTendera with on t appeal to the government. 
On this matter he »eema to feel strongly, for he had htmaelf to 
«afier great personal inconvenience from the gross neglect of a 
clerk to send him a measage from one of the government depart- 
ments, granting him leave to return to England, which had been 
rendered neceaary by his failing health. At the conclusion of 
his report Dr, O^Shaughnessy says: ** There is a great future 
before the telegraph in India; by perseverance and determination 
it should be nmde the best iu the world, iuasmuch as it possesses 
a unity of organisation unattainable elsewhere, with all the 
resources of the empire to promote its extension and improvement. 
In two, or at moat three years from this time the lines should 
yield a clear pro6t, and a uniform minimum charge for m^aagea 
m&y then be adopted for all India. This, with the general use 
of some simple cypher by habitual correspondence, will enable 
the telegraph to perfonn much of the present buainess of the post- 
office; meanwhile we have at our disposal, at a moderate coat, an 
instrument of such miraculous power, that by a single message it 
has already saved our Indian empire; while day by day and hour 
by hour, it is busy in the pnmvotiou of commerce and the further- 
ance of private interests of every kind.** 

In the public works department the report regrets that the 
prominent feature in it is the excessive predominance of expendi- 
ture on military works. The aggregate expenditure during the 
year was 32,221^675 rupees, of which sum lit,3{)i,G70 rupees 
were expended on military and naval ohiects, and 10,774,545 
rupees on internal improvements. Of the hitter a great number 
begun in former years remain unfinished, and have not been pro- 
ceeded with since financial restriction began to Uike effect in 
1853. In the Punjaub, especially, there are numerous instances 
where sections of road of excellent construction are interrupted by 
other sections scarcely passable; there are tunnels half driven, 
bridgfB half built or not commenced, though the material ia 
deposited on the aite; costly buildings of other kinds are left half 
fiuisheti; there are churches roofleaSj or otherwise incomplete, 
and works of irrigation delayed. Many of these undertakings 
wiU probably never be completed, and the question now is to 
select which of them are of most importance, so that the funds at 
command may be employed in finishing what would not be com- 
menced in the present financial position of India. The Lahore 
and Peshawnr road, which wfis begun soon after the annexation 
of the Punjaub, is one of the works which the Governor-General 
purposes to complete; the result of a late journey to and from 
Peshawnr having ** impressed him strongly with its grandeur 
and unqnestionaUe utility." The whole of the permanent line, 
with the exception of five bridges, was expected to be open in the 
course of the present year. The expenditure of a lakh of rupees 
had also been sanctioned for the repairs of the road from Phillour 
to Bezas, which had been neglected onaooount of a projected new 
road which has since been abandoned. The Baree Doab Canalj 
on which 90 lakhs of rupees have been expended, has been 
partially opened, and the works are slowly proceeding, but they 
will not probably be completed until after the railway, along 
nearly the same line, is finished. The report mentions seversd 
public works which have been suggested to the government, aa 
desirable for the internal improvement^ among which was a scheme 
of Mr Bourn e*8 for rechviming and eolonifciDg the Sindh Sanger 
I>oab, in the Punjaub, by means of an inundation canal from the 
Indus; but with so many untinished works on hand, the Indian 
Government would be unwiae to commence new undertakings, 
and as regards Mr. Bourne's scheme it was reported against very 
strongly by the engineers to whom it was referred. 

Under the head of ecclesiastical work.s, the iron church at 
Eangoon, whicli was sent out by the home coveniment, ia parti- 
cularly noticed. The coat up to the day t>i the report had been 
62,200 rupees, but it was estimated that the total expense would 
be 65,{XXJ. The defects in the building which it will be requisite 
to avoid in future structures of the kind, are stated to be that the 
windows are all fixtures and cannot be opened, that there is a 
want of verandahs, and an insufficiency of gutters to carry off 
the rain. The sound of the rain beating on the roof and on the 
aides of the church was also found to be an annoyance. That 
portion of the report on public works which relates to railways 
lit principally occupied with noticing the lines recommended by 



the government to be constructed ; but there are one or two points 
not noticed in the annual Ecport on the Eailways of India that 
deserve mention. One of these is the failure of the cast-iron 
sleepers, which, on the recommendation of the late Mr, Kendel, 
were laid experimentally on the East Indian railway. For a time 
the road stood very well, but when the express mail trains and 
heavy coal trains began to pass over it, breakage of the sleepers 
increased so much that they were removed altogether, and 
wooden ones were subntitnted. The opinion of the consulting 
engineera of the several Indian railways was sought on the 
subject, and they agreed to a resolution generally unfavourable 
to cast-iron sleepers, both as regards the ease of motion of trains, 
and the wear and tear of the rolling stock and of the road itself; 
but they considered that uniler certain circumstances, where the 
ballast is suitable, and where wooden sleepers are not readily 
procurable, cast-iron sleepers might be applied. The question of 
making railway stations in India defensible had been brought 
before the government, and resolutions had been passed to the 
effect, that, subject to the primary consideration of the con- 
venience of traffic, the buildings shouhi be so erected as to be 
mutually protective, and that they should be provided with 
simple and inexpensive facilities for defence, various other 
matters connected with the general management of the Indian 
railways are considered, such as the more severe punishment of 
negligence by the railway officials, who have in several cases 
occasioned serious accidents by falling asleep when on duty; the 
overcrowding of the third-class railway carriages; and the pro- 
vision of fuel for the engines, of which the north-western 
provinces promise to afford an ample supply. It appears from 
the general tenor of the report that other public works in 
India are for the time consiaered to be of minor importance 
to the completion of the railways and electric telegraphs, and 
while most other undertakings remain unfinished for want of 
funds, the railways are to be completed and new lines are being 
surveyed. 



FOREIGN PUBLICATIONS, 

Nourelte^ Annate9 de la Construction. — A large portion of the 
September number of thb periodical, is taken up by illustrations 
of the railway stations erectmg and about to be erected on the line 
of railway now in coui^se of construction from Ancona to Bologna: 
these stations have already been referred to in the AnnaleSt and 
now a report, pointing out the principle upon which they have 
been arranged, is furnished, illustrated by plans, and other 
drawings, and worth the attention of those who have the 
arrangement of such buildings under their control. 

Four classes of stations have been designed by Messrs. Opper- 
mann for this line of i"ail way, and we extract part of the descriptive 
rejiort accompanying them as useful in pointing out the way in 
which the exigt.«ncie9 of ti'affic should be taken ioto account, by 
the engineer and the architect, in hiying down the first lines even 
of the plan of a railway station* It is almost needless to repeat 
the observation which wo have already had occasion to make 
more than once, viz,, that Continental railway management differs 
in BO many details from English, that it is impossible for a 
Continental railway station ever to furnish a perfectly serviceable 
model tor an English one. It would be well however, tf even 
only as much forethought, and aa timely a recollection of simple 
and very obvious considerations had been brought to Ixjar uf>on 
some of our English stations, as is shown in the acoompjinyinjf 
memorandum, and in the four simple plana which illustrate it 

'Wffiiorafuiuni^— In the genoral arrangement of the buildiiig8 on tlie 
line from Ancona to Bo^jgoa the attempt haii been made, s<> far as 
pnkcticable, to flatiiafy the fnlluwiiig ciimUtiona: — 

1 . A Acparation of the:? fjos^'nger and goocb departments: waiting TVKnn^, 
rtsfreshment rooms, ooovemencies, and tdetnuph office being towardi the 
right; hacfgage room, goods offices, and porters* &c. rooms on tlie left, 

2, Making the distance which each traveller has to go over between 
the timis of Inn entering and leaving the station, as ihort as pomlhle, 

8. Arranging the roomA in an order ooiresponding witli the otaal 
poeitioiiB of 1gt| 2ad, and 3rd cUbs ofuriageB (Ist and 2tid cdaiSM al 
the head of the traio, ami Siti da«8 beliind). 

4. Avoiding any caafuflbn of streams of travellen coming in with 
tbote going away^ by ofratiging th«t the exit from the station tha]! uot 
open upon tlie entrance lobby. 

5, Tho above precaution ib equally deftir»bl« in the caao of baggage. 
In Ut-dasa and 2nd-€k0a stAtionfl. boggage jm i^odved ^irongn en« 
door and given out through a dUSereat one. 
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The report^ wbieli jj^m some foribcr detoOs, aleo olverTBiUiai 
Hhw beeajadgi^d advantagooaa to plaioe tha refreabmeat roomi 
Mid the Gonrenieiioes both at the wne end of the atalioiD, mud 
•«»j from the other offioev v bj thia amuigBiiieiit pftSMogen 
aebtttlj in th« traui do not leet ooofnaed amoog the jmmengen 
entering it; and the goard, abonld there be aoeenteea at the 
ttoocDt when be reomrea to atort, has onljr to go in one direction 
to look for them. The oooTenienoe ia abo verj justly pointed 
ottt of baying all the parto of each atatton, wliatever iu rank 
and oonaeanent abie, arranged in aimihu' illation to each other; 
the traTelfer thoa always knowa beforehand, aa if by inatinct^ in 
any atatfon on the line, to what part he mnst go for any particoUr 
demrtment 

The oaoal chronicle of engineenDg and telegraphic works on 
hand ia giren. Among the latter we note an aooonnt of an 
experiment lately tried in the Champa de Man, to show the poeai- 
Wlity of establishing field or flying telegraphs for military 
porpDiee; The telegraphic wire and a aeriea of light poets being 
noonted on a light spring cart, weU honed, and accompanied by 
BMmnted artUlemnen, the end of the wire was made fa^ and the 
oarl atartedy paying out wire as it went The first artilleryman 
Vtopped at 30 metres from the starting point, and receiving one 
of the light poles (which can if wefeired be carried like knees 
by the mounted men,) he twisted the wire roond its head, stuck 
it into the ground, and steadied it by two gnys, themaelyes made 
Cut to pegA driven into the gronnd. The succeeding posts were 
€xed at distances of 100 metres apart, and it was shown that a 
telegraphic line oonld be thoa temporarily fixed in no more time 
than tllit required for the transport of the wire from one point 
to the other- 

Eficycloprdie tf Ardiitecture, — We learn from thia joomal, as 
in fact from all those pobltBhed in or treating of the French cap* 
ital, that the works about to be «ndert^en this and next year in 
Faris and the enyirons, on public buildings alone, are of an 
imprecedented magnitude, 7 millions of (rancs (eqaal roughly to 
£280,000) beinff the credits voted for repairs and alterations, 
additional buildmgs, and purchases of land, for nine only of the 
public buHdin^ of Paris. It further appears that, in addition 
tlie cost of works at the cathedral of Notre Dame alone, up to the 
end of 1860, was 4,299,424 francs, or verv nearly £172,000; and 
that of this sum the new^^cAe alone (of wnich some details have 
alrcjidj^ been given by us in a former number) has cost £18,000; 
and it is farther aUt^ that the estimated additional cost of the re- 
tSiaining works now in hand at that cathedral is 1,651,034 francs, or 
•s666,000, giving a total of £238,000 expended chiefly on restora^ 
tiona and decorative works. Let us hope tliateven after so large 
a sum has all been expended there will still remain at least some 
traces of the old work; more than traces we need not hope ever 
a^n to be able to detect, for in this great church, as in moat of 
the monuments remaining from the middle ages in France, aU the 
characteristic work of the originid founiJera is being ruthlessly 
renewed^ and alt the venerable marks of time are being remorse- 
less*! v scrape<i away by the indiscreet seal of modem restorers. 

The following extract from the same journal is on a eubject of 
such practical importance in this country, and one where im- 
provements are so urgently needed by us, that we do not scruple 
lo transfer it unabridged to our columns, without however 
undertaking to offer any opinion as to the probable success of 
the experiment if tried in EngLind. 

** Propo$ed ModifictUim in Smohe Fluei.^MeeBn, Be Sangei aod 
HsBSonhave oddrased a report to the Academy of Scieooea relative to a 
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BHmSH ASSOCIATION FOR THE ADVANCEMKNT 

OF SCIENCE. 

Meeting tU 3f(mdk£iiet, 1861. 

Pfaidtmi.—WmMm Fstrbaim, FR.a, LL,B.. C.E. 

Fuy^Preiuimft.— The Earl of EUannere, F.Ita.a ; tbs Lon! StAafer,. 
M.P^ UC.K, F.R.G.S.; the Lord Biihop of MsMherter, B.D.^ 
FJl,a, F.aaj SlrPhilip de Malpai Gt^ Bgertoo, Bart., M.P^ 
F.B^a, ¥,GM,; Sir Benjania Heywood, Bul» F.B.S.; ThooyM 
Baaby, M.P.; James Aspiaia Tanei^ M.P.; James Pkesooia. 
J<raH LL.D-, F.R.a; Joseph Whttwofth, F,R.a, IL Inst C.K 

Omerai Seerttmy.—B^, Bohert Walker, ILA., F.R.a 

Auuiami'General Seereeofy.^JohD Phillipi^ M.A., LL.D., F.Rja, 
F.G.a 

General TnoMurer. ^John Tavlor, F.R^ 

Local Secrttmrim^—Bohert Dakinfield Darbiahire, B.A, F.G.a; Altnd 
Neild; Arthur Baosome, M. A.; Professor Henry EufiiJd Boscoe, B.A. 

Loooi IVearar«r.— Bobert PhiDipe Gr^, F.G.a 

The Thirty-first Annual Session of the Britiah Association 
commenced its sittings on the 4th nit., at Manchester^ nnder the 
presidency of William Fairbaim, hhJ>^ F,RS. The gathering 
of this meeting was moch grsater than that of last year at Ox- 
ford. The tickets sold amounted to 2o00, of which 80 were thoee of 
life members. The progress of the Association is moat gratifying. 
In 1831 a system of grants of money for scientific purposes warn 
commenced. The sum paid in that year was a Tery modeii 
one, £20; in 1860-61 it was £110C>. This Manchester meettng 
has been a great success, — taking the average of thirty years, the 
number of members at each annual gathering has been 1600, and 
thereceipta under ;fi2000. The recent meeting brought together 
upwards of 3000 members, and the receipts amounted to ^3d20« 
Cambridge has been selected as the place of meeting next year^ 
the presidential chair to be occupied by Professor Willis. 

The Mayor of Manchester entertained the membeia at a din- 
ner, after which the company met in the Free Trade Hall, to hold 
the general meeting, when Lord Wrottealey in resigning the 
presidency to his successor Mr. William Fairbaim, said: In 
retiring from the office which I have the honour to hotd. it ia a 
great Measure tome to know that I am to be succeeded by one 
who ia so well worthy of your support. We may derive impartaat 
inBtruction from the career of Mr. Fairbaim, whether we vietw 
him as a successful engineer or as a distinguished man of scieiioe. 
In the former capacity he is one who, by perseverance, combined 
with talent, has risen from small beginniDgs to the summit of hia 

Srofession; and he forms one of that noble class of men, the 
tephensoDs, the Bnxnels, the Whit worths, and the Armstroags, 
who have conferred such important services upon their count^; 
and some of whom, unfortunately for that countty, have periahQil» 
alasf too soon, exhausted by their arduous toils* . . Such ate 
men whom we should all delight to honour; and to such a man I 
resign, with great satia^vction, the chair wltich I now viwsa^ 
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Hie Presidents Addrestf, 
After a few wonls of introductioa, Mr. Fairbairjt gaiil — 
A careful peruaiil of the history of this asaociailoD will demon- 
Btrate tlint it waa the fi rat and for a loag time the only inatitu- 
tion which brought together for a coraraou object the learned 
Profesaora of the Uuiversitiea and the workers in practical 
»cieDce. Tho periodical renniaQS have been of iDcalculahle 
benefit in giving to practice that sound neas of principle and cer- 
tainty of progressive improvement which can only be obtained 
by the accurate study of science, and ita applicAtion to the arts. 
One rhe other hand, the men of actual practice have reciprocated 
the benefits thus derived from theory, in testing by actual ex- 
periment deductions which were donbtfulp and rectifying those 
which were erroneous. Guided by an extended experience, and 
exercising a sonud and disciplined judgment, they have often 
corrected theories apparently accurate, but nevertholesj^ founded 
on incomplete datn or on false assumptions inadvertently intro- 
duced. If the British ABsociation had etiected nothing more 
than the removal of the anomalous separation of theory and 
practice, it would have gained imperishable renown in the benefit 
thnfl conferred. 

Were I to enlarge on the relation of the achievements of 
science to the comforta and enjoy naenta of man^ I should have to 
refer to the preaeut epoch as one of the mijst important in the 
history of the world. At no former periotl did science contribute 
BO much to the uses of life atjil the wants of society. And in 
doing this it has only been fuIHIling the mission which Bacon) 
the great father of motiern acienoe, appointed for it, when he 
wrote th:it " the lep^itimate goal of the sciences is the endowment 
of humau life with new inveutious and riches;" and when he 
sought for a naturid philosophy which, not spreading it« energy 
on tmrren disquisitiong, *' should be operative for the oenefit and 
endowment of mankind." Looking then to the fact that, while in 
our time all the scieuces have yielderl this fruit; engineering 
acience, with which I have been most intimately connected, has 
pre-eminently advanced the power, the wealth, and the comforts 
of mankind, I ahall probably beat diaelmrge the duties of the 
ofiBee I have the honour to fill by stating as briefly as possible 
the more recent scientific diHco^^eries which have so iuflnencetl 
the rehitions of social life. 1 shall therefore not dwell so much 
on the progress of abstract science, important aa that is, but ^htdl 
rather endeavour briefly to examine the applic^ition of science to 
the useful arts, and the resuUs which have followed, and are 
likely to follow, in the improvement of the condition of society. 

The history of man throughout the gmdationa and changes 
which he uu<lergoes in advancing from a primitive bfirbarism to 
A state of civilisation, shows tliat he has been chiefly stimalated 
to the cultivation of science and the development of his inventive 
powers by the urgent necessity of providing for his wants and 
aecuriog his safety. There is no nation, however barbarous^ 
which doe8 not inherit the germ of civilisation, and there is 
scarcely any which have not done something towards applying 
the rudiment'* of acience to the purposes of daily life. Among 
the South Sea Islanders, when discovere<] by Cook, the applied 
sciences — if I may use the term — were not entirely unknown. 
They had observed something of the motions of the heavenly 
bodies, and watched with interest their revolutions, in order to 
apply this knowledge to the division of time. They were not 
entirely deficient in the construction of iuBtruments of husbandry, 
of war, and of music They had ra;vde themselves acquainted 
with the art of shipbuilding and navigation in the construction 
and management of their canoes. Cut off from the influence of 
European civilisation, and deprived of intercourse with higher 
gmdea of mind, we still find the inherent principle of progres- 
Bjon exhibiting itaelf, and the inventive and reasoning powers 
developed in the attempt to secure the means of subsistence. 
A^iD, if we com|>are man as he exists in small communities 
with hia condition where large numbers are congregated to- 
gether, we find that densely populated countries are the most 
prolific in inventions, and audvanoe more rapidly in science. 
Because the wants of the many are greater than" those of the 
few there is a more vigorous struggle against the nator&l limita- 
tions of supply, a more careful husbanding of resources, and 
there are more minds at work. Tliis fact is strikingly exempli- 
fied in the history of Mexico and Peru, and its attest^atioa ia 
found in the numerous monuments of the past which are seen 
in Central America, where the remains of cities and temples 
and vast public works, erected by a people endowed with high 
intflUeotual aoquircmenta, can still be traced. The^e Lave been 



discovered a system of canals for irrigation; long mining gftlleries 
cut in the solid rock in search of lead, tin, and copper; pyntmida 
not unlike those of Egypt; earthenware vases and cups, and 
manuscripts containing the records of their history; all testifying 
to so high a degree of scientific culture and practical bkill, that, 
looking at the cruelties which attended the conquests of Cortes 
and Pizarro, we may well hesitfUe as to which had the stronger 
claims on our sympathy, the victors or the v^anquished. 

In attempting to notice those branches of science with which 
I am but imperfectly acqtiaint^d, I shall have to claim your in- 
dulgence. This association, as you are aware, does not confine 
ita discussions and investigations to any particuhu- acience; and 
one great advantage of this is, that it leads to the division of 
labour, while the attention each depaitment receives, and the 
harmony with which the plan has hitherto wurked, afford the 
best guamntee of its wisdom and proof of its success. In the 
early histoiT' of Aatronomif^ how vague and unsatisfactory were 
the wild theories and conjectures which supplied the place of de- 
monstrated physical truths and carefully observed laws • How 
immeasurably small — what a very speck does man appear, with 
all the wonders of his invention, when contrasted with the mighty 
works of the (^'reator; and how imperfect is our apprehension, 
even in the highest flights of poetic imngination, of the boundless 
depths of space ! These retlections nalurallv sng^^ests themselves 
in the contemplation of the works of an Almighty Power, and 
impi'ess the mind with a reverential awe of the great Author of 
our existence. The, gi-eat revolution which hiid the foundation 
of modern astronomy, and which, indeed, marks the birth of 
modern physical science, ia chiefly due to three or four dia» 
tinguished philosophers, Tycho Brahe, by his system of accurate 
measurement of the positions of the heavenly bodies; Coper- 
nicus, by his history of the solar system; Galileo, by the applica- 
tion of the telescope; and Kepler, by the discovery of the laws of 
the planetary motions, all assisted in advancing, by proiligions 
strides, towards a true knowledge of the constitution of the universe. 
It remained for Newton to introduce, at a later period, the idea of 
an attrjiclion varying directly as the mass, and inversely as the 
square of the distance, and thus to reduce celestial phenomena to 
the greatest simplicity, by eoniprehemlibg them under a single law* 
Without tracing the details of the hiiitury of this ticience, we may 
notice that in more recent times astrunoniical discoveries have 
been closely connected with high mechanical skill iu the construc- 
tion of instruments of precision. The telescope has enormously in- 
creased the catalogue of the fixed atrtra, or those 'Mandmarks of 
the universe," as Sir John Herschel terms them, " which never 
deceive the astronomer^ navigator, or surveyor." The number of 
known planets and asteroids has also been greatly enlarged. 
The discovery of Uranus resulted inunediately from tlie perfection 
attained by Sir WiDiam Herscbel in the construction of bis tale- 
scope. More recently, the structure of the nebulte has been 
unfolded^ through the application to their study of the co- 
lossal telescope of Lortf flosse. In all these directions 
much has been done both by our present distinguished As- 
tronomer Eoyal, and also by amateur observers in priT?ate 
observatories, all of whom, with Mr, Lassells at their head, 
are making rapid advances in this d ef >a rt m en t of physical science. 
Our knowledge of the physical constitution of the eeulral body 
of our system seems likely, at the present time, to be much 
increased. The spots on the sun's disk were noticed by t Jalileo 
and his contemporaries, and enabled them to ascertain the time 
of ita rotation and the inclination of its axis. They also c<irrectly 
inferred, from their appearance, the existence of a luminous 
envelope, in which funnel-shaped depressions revealed a solid 
and dark nucleus. Just a century ago, Alexander Wilson indi- 
cated the presence of a second and less luminous envelope beneath 
tho outer stratum, and his discovery was confirmed by Sir 
William Herschel, who was led to assume the presence of a 
double stratum of clouds, the upper intensely Itmiinona, the 
lower grey, and forming the penumbra of the spots. Obsorva- 
tions during eclipses have rendered probable the supposition that 
a third and outermost stratum of imperfect transparency incloses 
concentrically the other envelopes, Still more recently, the re- 
markable discoveries of Kirchofl' and Bunsen require us to believe 
that a solid or liquid photosphere is seen through an atmoE^phere 
containing iron, sodium, lithium, and other metals in a vaporous 
condition. We must still wait for the application of more j>er- 
fect instruments, and esjiecittlly for the careful registering of the 
appearances of the sun by the photoheliogrnph of Sir John 
Ueraohel, so ably employed by Mr* Warren de la Bue, Mr^ 
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Webb, and others, before we can expect a solutioQ of all ibe 
problema thus suggested. 

Guided by the same pnnciplea which have been 80 sucoesafiil 
in astronomy, ita sister acieuce, Ma^iietitm^ emerging from ita 
infancy, has of late advanced rapidly iu that stage of develop- 
meut which is marked by a^iduoun aud systematic observatiou 
of the pheDomena, by careful aualysiB and presentation of the 
facts which they disclose, and by the grouping of these in gene- 
ralisations, which, when the basis on which they rest aball be 
more extended, will prepare the way for the conception of a 
general physical theoiy, in whieh all the phenomena shall be 
comprehended, while each shall receive its separate and satis- 
factory explanation. It is unnecessary to remind you of the deep 
interest which the British Association has at all times taken in 
the advancement of this branch of natural knowledge, or of the 
specific recommendations which, made iu conjunction with the 
Hoyal Society, have been prndnctive of such various and im- 
portant results. To refer but to a single insti^uce; we have seen 
those magnetic disturbances, so rnvsterions in their origin and 
90 extensive in simultaneous prevalence, — ivnd which, less than 
20 years ago, were dcsignateil by a term specially denoting that 
their laws were wholly unknown; — traced to laws of periodical 
recurrence, revealing, without a doubt, their origin in the cen- 
tral botiy of our system, by inequalities which have for their 
respective periods the solar day, the solar year, and, still more 
remarkably, and until ktely unsuspected solar cycle of about 10 
of our terrestrial years, to whose existence they bear testimony 
in conjunction with the solar spots, but whose nature and causes 
are in all other respects still wnippeil in entire obscurity. We 
owe to Genetal Sabine, especially, the reoognition and study of 
these and other solar magnetic influences and of the magnetic in- 
fluence of the moon, similarly attested by eoncurreut determi- 
nations in many parts of the globe, which are now held to con- 
stitute a distinct branch of this science, not inappropriately named 
"celestial,^* as distinguished from purely terrestrial maguetinm. 

We ought not in this town to forget that the very rapid advance 
which has been made in our time in Chemistnf^ is due to the law of 
e{]uiv{dents, or atomic theory, first discovered by oiu* townsmsn, 
John Dalton. Since the development of this law its progress has 
been unimpeded, and it has had a most direct bearing on the 
comforts and enjoymeuts of life. A knowledge of the cnnsti- 
tueuts of food has led to important deductions as to the relative 
nutritive value aud commercial importance of ditferent materials. 
Water has been studied in i*efere«ce to the deleterious impurities 
with which it in apt to be contaminated in its distribution to the 
inhabitants of large tciwna. The power of analysis, which en- 
ables lis to detect adulterations, has been invaluable to the 
public health, and would be much more so if it were possible to 
obviate the dithculties whicli have prevented the opemtion of 
recent legislation on this subject. We have another proof of 
the utility of this science in its application to medicine; and the 
estimation in which it is held by the medical profession m the 
true index of its value in the diagnosis and treatment of disease. 
The largest developments of cherai-^try, however, have been in 
connection with the useful arts. What would now be the con- 
dition of calicj-printing, bleaching, d^ing, and even agriculture 
itself, if they hail been depnved of the aid of theoretic chemistry ? 
For example, aniline — first discovered iu coal tar by Dr. Hoifman, 
who has so admin^bly developed its properties — is now most 
extensively used as the basis of red, blue, violet, and green dyes. 
This important diacovei*y will probably in a fewyeai*a render this 
country independent of the world for dye-stuiFs; and it is more 
than probable that England, instead of dm wing hor dye stuffs 
fj'om foreign countries, may herself become the centre from which 
all the world will be supplied. It is an interesting fact, that at 
the same time, in another branch of this science, M. Taurnet has 
lately demouatrated that the colours of gems, such as the emerald, 
aqua-marina, amethyst, smoked rock crystal, and others are due 
to volatile hydrocarbons, tirat noticed by Sir David Brewster in 
clouded topaz, and that tliey are not derived from metallic oxides, 
as hart been hitherto believed. Another remarkable advance has 
recently been made by Bunaen and Kirt'hoti' in the application of 
the coloured rays of the prism to analytical research. We may con- 
sider their discoveries as the commencement of a new era in 
analytical chemistry, from the extraordinary facilities they afford in 
the qualitative detection of the minutest traces of elementary bodies. 
The value of this method has been proved by the discovery of 
the new metals caesium and rubidium, by M. Bunsen, and it'has 
jrielded another remarkable result^ in demonstrating the existence 



of iron and six other known metals in the sun. In noticing the 
more recent discoveries in this important science, I must not poaa 
over in silence the valuable light which chemrgtry has thrown 
upon the composition of iron and steel AJ though Despretz 
demonstrated many years ago that iron would combine witli 
nitrogen, yet it was not until 1857 that Mr. C. Binka proved that 
nitrogen is an essential element of steel, and more recently 
M. Carou and M. Fremy have further elucidated this subject; 
the former showing that cyanogen, or cyanide of ammonirim, im 
the essential element which converts wrought-iron into steel; th6 
latter combiniDg iron with nitrogen through the metlium of 
ammonia, and then converting it into steel by bringing it at the 
proper temperature into contact with common coal gas. There 
IS little doubt that in a few years these discoveries will enable 
Shefi^eld manufacturers to replace their present nncertain, 
cumbrous, and expensive process, by a method at once simple aod 
inexpeusive, and so completely under control, as to admit of aoy 
required degree of conversion being obtained with absolute 
certainty. Mr. Grace Calvert, also, has proved that cast irail 
contains nitrogen, and has shown that it is a definite compound 
of carbon and iron mixed with various proportions of metallie 
iron, according to its nature. Before leaving chyraical science, I 
must refer to the interesting discovery by M. Deville, by which 
he succeeded in rapidly melting 38 or 40 lb. of platinum^ — a 
metal till tlivn considered almost infusible. This discovery will 
render the extraction of platinum from the ore more pcHoct, and, 
by reducing its cost, will greatly facilitate its application to the 
arts. 

It is little more than half a century since Geology assumed th^ 
distinctive character of a science. Taking into consideration the 
aspects of nature in different epochs of the history of the earth, it 
has been found that the study of the changes at present going on 
in the world ai*ound us enables us to understand the past re* 
volutions of the globe, and the conditions and circumstances 
under which strata have been formed and organic remains im» 
bedded and preserved. The geologist baa increasingly t-ended td 
believe that the changes which have Uken place on tlie face of 
the globe, from the earliest tiroes to the present, are the result of 
agencies still at work. But while it is his high ofSce to record 
the distribution of life in past ages, and the evidence of physt<^ 
changes in the arrangement of landaml water, his results hitherto 
have indicated no traces of its beginning, nor have theyaftorded 
evidence of the time of ita future dumtion. Geology has been 
indel>ted for this progress very largely t(t the investigations of 
Sedge wick, and the writings of Sir Charles Lyell. As an ex- 
ample of the application of geology Ui the practical uses of life, 
I may cite the discovery of the goldtields of Australia, wbicll 
might long have remained hidden but for the researches of dir 
Roderick Slurebison in the Ur;U mountains, on the geological 
position of the strata from which the RuHsiau gold is obtained. 
From this investigation he was led by inductive reasoning lo 
believe that gold would be found in similm* rocks, specimens of 
which had been sent him from Australia. The l*^* v.^-^t-c qJ 
the active V\i<i of this distinguished g<inlogi3t have 1 ed 

to the re-examination of the rocks of his native li of 

Scotland. Applying to them those principlee of > <>n 

which he long since established, he has demonsta^' the 

crystalline limestone and quartz rocks which are asaocmled wil^ 
mica schists, &c,, belong by their imbedded organic remains 
to the Lower Silurian Rocks. Descending from this well^ 
marked horizon, he shows the existence beneath all such foasi- 
liferous strata of vast masses of sandstone and conglomerate of 
Cambrian age; and lastly he has proved the extstence of a funda* 
mental gneiss, on which all the other rocks repose, and whichi 
occupyiug the north-western Hebiides, and the west coaAta 
of Sutherland and Boss, is the oldest rock formation on the 
British Isles, it being unknown in Ef^gland, Wales, or Ireland. 
It is well known that the temperature increases as we detscend 
through the earth's crust, from a certain point near the surface, 
at which the temperature is constant. In various mines, boringB^ 
and artesian wells the temperature has been fouud to iocrenAe 
about 1 deg. Fahrenheit for every 60 or 65 feet of descent. la 
some carefully conducted experiments during the sinking of 
Dukinfield Deep Mine— one of the deepest pits in this conntiTr^- 
it was found that a mean increase ol about 1 deg. in 71 feflfl 
occurred. If we take the ratio thus indicated, and assume it to 
extend to much greater depths, we should reach, at twiHaud^-half 
miles from the surface, strata at the temperature of boiHug water; 
and at depths of about 50 or 60 miles the temperature would be 
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BtiffioSeDt to melt, under the ordinary pressure of the atmosphere, 
the hardest rocks. Reasoning from tnese facts, it woald appear 
that the mass of the globe, at no great depth, nmst be in a fluid 
state. But this detluction requires to be modified by other con^ 
■ideratioDa, namely, the influence of pressure on the fusing point, 
and the relative conductivity of the rocks which form the earth's 
crust To solve these question a, a series of important experiments 
wens instituted by Mr. Hopkins, in the prosecution of which I>r, 
Joule and myself took part; and after a long and laborious 
investigation it was found that the temperature of fluidity 
increased about 1 deg* Fahrenheit for every 500 lb. of presaare iu 
the case of spermaceti, bees^-wax, and other similar substances. 
However, on extending these experiments to less compressible 
substances, such as tin and barytes, a similar increase was not 
observed. But this series of experiments has been unavoidably 
interrupted; nor is the series on the conductivity of rocks entirely 
finished. Until they have been completed by Mr, Hopkins we 
can only make a partial use of them in forming an opinion of the 
thickness of the earth's solid crust. Judgi og, however, «alDne from 
the greater conduct! vity of tlie igneous rocks, we may calculate that 
the thickness cannot possibly be less than nearly three times as 
great as that calcniatea on the usual suppositions of the conductive 
power of the terrestrial mass at enormous depths being no greater 
than tliat of the superficial sedimentary beds. Other modes of 
investigation which Mr. Hopkina has brought to bear on tltia 
qaestlon appear to lead to the conclusion that the thickness of the 
earth's crust is much greater even than that above stated. This 
would require us to assume that a part of the heat in the cru^t is 
due to superficial and external rather than central causes. This 
does not bear directly against the doctrine of central heat, but 
shows that only a |>art of the increase of temperature observed in 
mines and deep wells is due to the outward flow of that heat. 

Touching those highly interesting branches of science, Botany 
and Zoology, it may be considered presumptooas in me to offer 
any remarks. I have:, however, not entirely neglected in my 
earlier days to inform myself of certain portions of natural 
history, which cannot but be attractive to all who delight in the 
wonderful beauties of natural objects. How interesting is the 
organisation of animals and plants — how admirably adapted to 
their different functions and spheres of life- They want nothing, 
yet have nothing superfluous. Every organ is adapte<l perfectly 
to its functions; and the researches of Owen, Agaaaiz, Darwin, 
Hooker, Daubeney, Babington, and Janline, fully illustrate the 
perfection of the animal and vegetable economy of nature. 

Two other important branches of scientific research, Geography 
and Etknotogjf^ have for some years been united in this association 
in one section, and that probably the most attractive and popular 
of them all. We are much indebted to Sir Roderick Murchison, 
among other tnembers of the association, for its continued pros- 
perity, and the high position it has attained in public estimation. 
The spirit of enterprise, courage, and perseverance displayed by 
our travellers in all parts of the world have been jxjwerfully 
stimulated and well supportetl by the Geogmphical Society; and 
the preminence and rapid publicity given to discoveries by that 
body have largely promoted geographical research. In physical 
geography the late Baron von Humboldt has been one of the 
largest contributors, and we are chiefly indebted to hia personal 
retearches and numerous WTitin^s for the elevatetl position it 
BOW holds among the sciences, To Humboldt we owe our know- 
ledge of the physical features of Central and Southern America. 
To Parry, Sir Jamea Ross, and Scoresby we are indebted for 
dlBCOTeHes in the Arctic and Antarctic regions. Geography has 
ahio been advanced by the first voyage of Franklin down the 
Copper Mine River, and along the inhoi*pitable shores of the 
Northern Seas, as far as Point Tiurn-again ; as abo by that ill- 
fated expedition in search of a North-West passage, followeil by 
others in search of the unfortunate men who perished in tlielr 
attempt to reach those ice-bound regions, so often stimulated 
by the untiring energy of a high-minded woman. In addition 
to these, the discoveries of Dr, Livingstone in Africa have 
opened to us a wide field of future enterprise along the banks 
<rf the Zambezi and its tributaries. To thes3 we may add the 
explorations of Captain Burton in the same continent, and those 
also by Captain Speke and Captiin Grant, of a hitherto un- 
known region, in which it has been suggested that the White 
Nile has its source, flowing from one of two immense lakes, 
upwards of 300 miles long by 100 broad, and situateii at an eleva- 
tion of 4000 feet above the sea. To these remarkable discoveries 
I ought to add an honourable mention of the iDgaciotu and 



jperilons exploration of Central and Northern Australia by Mr. 
M'lJonald Stuart. 

Having glanced, however imperfectly, at some of the most 
important oranches of science which engage the attention of 
membei*s of this association, I would now invite attention to the 
Menhanicai ScienceJtf mith which lam more familiarly acquainted. 
They may be divided into theroetical mech:;nic3 and dynamics, 
comprising the conditions of equilibrium and the laws of motion; 
and applied mechanics, relating to the construction of machines. 
1 have already observed that practice and theory are twin sistera, 
and must work together to insure a steady progress in mechanical 
art Let us, then, maintain this union as the beat and safest 
basis of national progress, and moreover, let us recognise it as on© 
of the distinctive aims of the annual reunions of this association 
During the last century the science of applied mechanics has made 
strides which astonish us by their magnitude; but even these, it 
may reasonably bo hoped, are but the promise of future and more 
wondei-ful enlargements. I therefore propose to offer a suiicinct 
history of these improvements, as an instance of the influence of 
scientific progress on the wellbeing of society, I shall take in 
review the three chief aids which engineering science has afibrded 
to national progress — namely, canals, steam navigation, and rail- 
ways; each of which has promoted an incalculable extenaion of 
the industrial resources of the country. 

One hundred years ago, the only means for the conveyance of 
inland merchandise were the pnckhorses and waggons on the then 
imperfect highways, It was reserved for Brindiey, Sraeaton, and 
others to introduce a system of canal^ which opened up facilities for 
an intorchange of commodities at a cheap rate over almost every 
part of the country. The impetus given to industrial operations by 
this new system of conveyance induced capitalists to embark in 
trade, in mining, and in the extension of manufactures, in almost 
every district. These improvements continued for a series of 
years, until the whole country wad intersected by canals requisite 
to meet the demands of a greatly extended industry. But canala, 
however well adapteil for the transport of minenils and mei^han- 
disc, were less suited for the conveyance of paaaengers. The sneed 
of the canal boats seldom exceeded from two and a half to thi'ee 
miles an hour, and rn addition to this, the projectors of canala 
sometimes sought to take an unfair advantige of the Act of Par- 
liament, which fixed the tariff at so much per ton per mile, by 
adopting circuitous routes, under the erroneous impression that 
mileage was a consideration of great importance in the Buccess of 
such undertakings. It is in coDsequence of short-sighted views 
and imperfect legislation ihat we inherit the numerous curves and 
distortions of our canal system. These defects in construction 
rendered canals almost useless for the conveyance of passengers, 
and led to the improvement of the common roads and the system 
of stage coaches; so that before the year 1830 the chief public 
highways of the country had attained a remarkable smoothness 
and perfection; and the lightness of our carriages and the celerity 
with which they were driven still excite the admiration of those 
who remember them. 

These days of an efliciently worked syst,em, which tasked the 
power and speed of the horse to the utmost, have now been suc- 
ceeded by changes more wonderful than any that previously 
occurred in the history of the human race. Scarcely had the canal 
system been fully develu)?ed, "when a new means of propulsion was 
adopted — -namely, steam. I need not recount to you the enter- 
prise, skill, and labour that have been exertetl in connexion with 
steam navigation. You have seen ita results on every river and 
on every 84*h; results we owe to the fruitful minds of Miller, 
Symington, Fulton, and Henry Bell, who were the pioneers in the 
great march of progi-ess. Viewing the yuast, with a knowledge of 
the present and a pros]:M?ct of the future, it is dtflicnlt to estimate 
sufficiently the benefits that have been conferred by this applica- 
tion of mechanical science to the purposes of navigation. Power, 
speed, and certainty of action have been attained on the most 
gigantic scale. The celerity with which a modem steamer, with 
a thousand tons of merchandise and some huiuireda of human 
beings on boani, cleaves the water and pursues her course, far 
surpasses the most sanguine expectations of a quarter of a century 
ago, and iudeeci, almost rivals the speed of the locomotive itself 
Previous to 1812 our intercourse with foreign countries and with 
our colonial possessions depended entirely upon the state of the 
weather. It was only in favourable seasons thata passage was open ; 
and we had often to wait days, or even a week^ before l>ublin could 
be reached from Holyhead; now this dii&tance of 63 miles is accom- 
plished in all weathers in little more than tliree hours. The pa^ 
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sftge to AmencA use<l to occupy six weeks or two months; now it 
it acoampliifhed iu eight or niue dAys. The ptvmage round the 
Cape tt> Iiitlia la reduced from nearly half a year to ]ess than a 
third of ilmt tinte, while that country may be reached by the 
overland t^otitc in le«B than a month. These are a few of the 
b«u4>dU dcfnved from steam naviffi&tioo, and, as it ia yet far from 
ptfrfect^ we may reasonably calcinate on still greater advantages 
m our intercourse with disUot nations. I will not here enter 
upon the subject of the nomeroua improYements which have so 
rapidly advaooed the pro^p-eas of this important service. Suffice 
it to ob^erve^ that the paddlewheel s^'stem of propulsion has main- 
tainetl its superiority over ever)' other metho<l yet adopted for the 
attainment ot speed, as by it the best results are obtained with 
the least expenditure of powen In ahiiia of war the screw is 
iDdi8p6iif»abl<9, on aco^junt of the security it affords to the engines 
and nuvcliinerj, from their position in the hold below the water- 
line, and bef^iu%e of th»3 I'vicility it uffen* in the use of wuls, when 
be screw is raised from its position in the well to a rece>t8 in the 
prepared for that purpose. It is also prefeiTable in ships 
which require auxiliary power in calms and adverse winds, so as to 
expedite the voyage, and etf'ect a considerable savLug upon the 
freight. 

The public mind had scarcely recovered itself from the changes 
which steam navigation hatl caused, and the impulse it had given to 
oommerce, when a new and even more gigantic power of locomotion 
was in auburn ted. Less than a quarter of a ceutury had elapsed 
since the tirst steamboats flo^ited on the watt't^ of the Hudson and 
i}-- ' '■ ' '. when the achievements thence resulting were followed 
s lication of the same agency to the almost superhumaa 

1h^ ,.. . .iiie locomotive and its alt^^ndaut train. I well remember 
the competition at Hill u hill ui \b3i\ amd the incredulity every- 
where evinced at the projMJsnl to run locomotives at twenty miles 
an hour. Neither George Stephens^^m himself, nor any one else, 
had at that time the, most distant idea of the capabilities of the 
railway uystenK On the contmry, it was generally considered im- 
possible to exceed ten or twelve miles an hour; and our present 
high velocities, due to high-pressure steam and the tubular system 
of boilers, have surpas^sed the most sanguine expectations uf en- 
gineers. Tlie sagacity of George Stephenson at once seized upon 
thesngijestiun of HeijryBtK>th to employ tubular boilers; and that 
united to tli« bl.'y>t pipe, previously known, has been the means 
of effecting all the wondei's we now witness in a system that has 
don© more fi*r the development of pi^ctical science and the 
caviltsation of man than any di^^fviny since the days of Adam. 

From a consideratioD of the changi^s which have been effected 
in the means for the iuterehangy nj' commo«litiea, I pass on to 
examine the progress which h.'is been made in their production. 
And« as the steam-engine has been the bftsis of all our modem 
mahufacturing industry, I shall glance at the steps by which it 
has been perfected. Passing over the somewhat m}i,hical fame 
of the Marquis of Worcester and the labours of Savery, Beighton, 
and Nt*wc*>raen, we come at once to discuss the state of mecha- 
nical aH at the time when James Watt brought his gigantic powers 
to the iuipRA-ement of the steam-eugine. At that time the tools 
were of the rudest oonstructiou, nearly everything being done by 
hand, and, in consequence, wood was much more extensively 
employed than iron. Under these circumstances Watt inventeil 
separate condensation, rendered (he engine double acting, and 
converted its recti jiuear motion into a circular one, suitable for 
the purposes of m-mu fixture. But the discovery at first made 
but little way, the public did not understand it; and a series of 
years elapsed before the difficulties, commercial and mechanical, 
which opposed its ap'plicatiou, could be overcome. When the 
certainty of success had been demonstrated, Watt was harassed 
by infrinicements of his patent, and lawsuits for the maintenance 
of his rights. Inventors and pretended inventors set up claims, 
and entered into oombination with manufacturers, miners, and 
others, to destroy the patent and deprive him of the just fruits of 
his labour and genius* Such is the selfish heartlessness of man- 
kind in dealing with discoveries not their own, but from which 
they expect to derive benefit. The steam-engine, since it was 
introduced b> Watt, has changed our habits in almost every 
oondition of life. Things which were luxuries have become neces- 
saries, and it has given to the pc»or man in all countries in which 
it exists a degree of comfort and independence and a pzirticipation 
in intellectual culture unknown before its introduction. It has 
increased our manufactures tenfold ; and has lessened the barriers 
which time and space interpose. It ploughs the land, and winnows 
and grinds the com* It spins and weaves our textile fabrics. In 



mining it pumps, winds, and crtuhes the orea. It perfonnatlieK 
things with powers bo great and ao energetic as to astonish ua ail 
their immensity, while they are at the same time perfectly docile, 
and completely under human control. In war it famishes the 
means of aggreasion, as in peace it affords the bonds of concilution; 
and, in 6i«t, places within reach a power which, properly applied, 
prodoces harmony and goodwill among men, and leads to the 
nappiest results in every (x>udition of bnman existence. We nDay, 
therefore, well be proud of the honour conferred on this oountiy 
as the cradle of its origin, and as having fostered it« devdopnaent 
from its earliest applii^aiions U* its present high state of perfection. 
I cannot conclude this notice of the steam-engine without 
observing the changes it is destined to effect in the cultivution of 
the soil. It is but a short time since it was thought inapplicable 
to agricultural purposes, from its great weight and expense. But 
more recent experience has proved this to be a mistake, and 
already in most districts we tind that it has been presaedinto the 
service of the farm. The small locomotive, mounted on a frame 
with four wheels, traveb from village to vilkge with its attendant^ 
the thrashing machine, performing the operations of thrashing, 
winnowing, and clertuing, at less than one-half the coat by the old 
and tedious process of band-labour. Its application to plougliing 
and tillage on a large scale is, iu my opinion, still in its infancy, 
and I doubt not that many members of this association will live to 
see the steam plough iu operation over the whole length and 
breadth of the land. Much has to be done before this imr»ortant 
change can be successfully accomplished; brt, with the aid of the 
agriculturist in preparing the land so as to meet the rec|uir<?meiila 
of steam machinery, we mny reasonably look forward to a new 
era in the cultivation of the soil. 

The extraordinary developments of practical science in our 
system of textile manufacture are, however, not entirely due to the 
steam-engine, although they are now in a great measure dependent 
on it. The machinery of the^ mauuiactures had its origin before 
the steam-engine had been applied except for mining purpurea; 
and the Inventions of Arkwright, Hzirgreaves, and Cromntoo 
were not conceived under the impression that steam would be 
their moving power. On the c<jntmry, they dependeti upon water; 
and the cotton machinery of this district had attained consider- 
able perlection before steam came to the aid of the manufacturer, 
and ultimately enabled him to increase the production to its 
present enormous extent. I shall not attempt a detjicription of 
the machinery of the textile manfactures, because ocular inspec- 
tion wijl be far more acceptable. I can only refer you to a list of 
establishments in which you may examine their operations on a 
large scale, and which I earnestly rec*>mmend to your attention. 
I may^ however, advert to a few of the improvements which have 
marked the progress of the manufiicturing system in this country. 
When Ark Wright patented his water-tnimes in 1767, the annual 
consumptit»n of cotton was about 4,000,000 lb. weight. Now it ia 
l,2U0,0CK>,<>t»0 Ik weight— 300 times as muck Within half a 
century the number of spindles at work, apiuning ct^tton alone, 
has increased tenfold; while by superior meohjuiism each spindle 
produces 50 per cent, more yarn than on the old system. Hencf* the 
importance to which the cotton trade has risen, equalling at the 
present time the whole revenue of the three k' ' . or 
i:70,000,000 sterhng per annum. As late as 1 820 tl ona 

was not in existence; now it produces about 14,0tHj,^ 'i >u ^unis of 
cloth, or, in more familiar terms, nearly 6000 miles of cloth p«r 
diem. I give these particularn to show the immense power of 
production of this country, and to afford some conception of the 
number and quality of the machines which effect such wnnderfal 
results. Mule spinning was introduced by Crompton, iu 17*>7, 
with alx>ut 20 spindles to each machine. The powers of the 
machine were, however, rapidly increased; and now it has beeo 
BO perfected that 2000, or even 3000 spindles are directed by » 
single person. At first the winding on, or forming the shape of 
the cop, was performed by hand; hot this has been supersedwd by 
rendering the machine automatic, so that it now peiforma tiit 
whole opt^ration of di awing, stretching, and twisting the tbre^ly 
and winding it on to the exact form, ready for the reel or shuttle 
as may be required. These and other improvements in carding 
roving, combing, spinning, and weaving, have established iQ ikis 
country an entirely new system of induatiy; it has given employ- 
ment to greatly in creased numbers, and a more intelligent class 
of work-people. Similarly imtx>rt;int improvements have bees 
applied to the machinery employed in the manufacture of silk, 
flax, and wool; and we have only to watch the processes in tEe 
different departments to be convinced that they owe much lo tliie*| 
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development of the cotton manufacture. In the maDofacture of 
worsted, the spirniing-jeuuy was not employed at Bradford until 
1790, nor the power-loom until ahout 1825. The production of 
fancy or mixed goods from nlpacjt and mohair wool, introduced 
to Uiia country in 1836» ia, perhap^a, the moat striking example 
of a new creation in the art of manufacture, and is chiefly due to 
Mr. Titns Salt, io whooe immense palace of indu&try, at baltaire, 
it may be seen in the greatest perfection. In Aslx machiuery the 
late Sir Peter Fatrbatrn was one of the most successful inventors, 
and his improvements have contributed to the rapid extension of 
this manufacture. * 

I might greatly extend this dcaeription of oar manufacturing 
industry, but I must for the pteaent be brief, m ortlor to point 
out the depenileuce of all these irnproveioenta on the iron and 
coal so widely distributee! amonij the mineral trea^iureB of our 
ishind. We are highly favoured in the abundance of tliese 
minerals, deposited with an unsparing hand by the great Author 
of Nature under so slight a covering as to bring them within 
reach of the miner's art. To them we owe our present high state 
of perfection in the useful arts; and to theii* extended application 
we may safely attribute our uational progress and wealth. So 
that, looking to the many blessings which we daily and hourly 
receive from these sourceMnlone, we are impressed with devotional 
feelings of gratitude to the Almighty for the manifold bounties 
He has bestowed on us. 

Previously to the inventions of Henry Cort, the manufacture 
of wrought-irou was of the most crude ami primitive description, 
A hearth and a pair of bellows was all that was employed. But 
since the introduction of puddling, the iron-masters have increased 
the production to an extraordinary extent, down to the present 
time, when processes for the direct conversion of wrought-iron on 
a large scale are being attempted. A consecutive series of 
chemical researches into the different processes, from the calcining 
of the ore to the production of the bar, ciirried on by Dr. Percy 
and others, has led to a revolution in the manufacture of iron; 
and although it is at the present moment in a state of transition, 
it nevertheless requires no very great discernment to ]>erceive 
that steel and iron of any required tenacity will be made in the 
same furnace, with a facility and eertahity' never before attained. 
Tliis has been effected to some extent by improvements in pud- 
dling; but the process of Mr. Bessemer — first made known at the 
meetings of this association at Cheltenham — affords the highest 
promise of certainty and perfection in the operation of converting 
the melted pig direct into steel or iron, and is likely to lead to the 
most im[>ortant developments in this manufacture. These 
improvements in the production of the material must, in their 
turn, stimulate its. application on a larger scale, and lead to new 
constructions. 

In iron shipbuilding an immense field is opening before us. 
Our w*ooden walls have to all appearance seen their last days; and 
as one of the early pioneers in iron construction, as applied to 
shipbuilding, I am highly gratified to witness a change of opinion 
that augurs well for the security of the liberties of the country. 
From the commencement of iron shipbuilding in 1830 to the pre- 
sent time, there could be only one opinion among those best 
aoi^uainted with the subject — namely, that iron must eventually 
supersede timber in evei-y form of naval construction. The large 
ocean st<?amers, the Himalaya, the Persia, and the Great Eastern, 
abundantly show what can be done with iron; and we have only 
to look at the new system of casing ships with armour plates, to 
lie con\dnced that we can no longer build wooden vessels of war 
with sj^ety to our naval superiontv and tlie beat interests of the 
country. I give no opinion as to the details of the reconstruction 
of the navy— that Ls reserved for another place — but I may state 
that I am fully persuaded that the whole of our ships of war 
must be rebuilt of iron, and defended with iron armour calculated 
to resist projectiles of the heaviest description at high velocities. 
In theearlv stages of iron shipbuilding, 1 believe I was the first 
to show, by a long series of experiments, the superiority of 
wrought-iron over every other deacrintion of material in security 
and strength, when judiciously applied in the construction of 
ships^ of every class. Other oonsiderationB, however, affect the 
question of vessels of war; and although numerous exj»erimenta 
were made, yet none of the targets were on a scale sufficient to 
resist more than a 6-pouuder shot It was reserved for our scien- 
tific neighbours, the French, to introduce thick iron plates as a 
defensive armour for ships. The success which has attended the 
adoption of this new system of defence affords the prospect of 
invulnerable Ahips of war, and benoe the desire of the Government 



to remodel the navy on an entirely new pi-inciple of construction, 
in order that it may retain its supenority as the great bulwark 
of the nation. A conjmittee has been appointed by the War- 
office and the Admindiy, for the purpose of carrying out a 
scientific investigation of the subject, so as to determine — first, 
the best description of material to resist projectiles; secondly, the 
best method of fastening and applying tl»at material to the sides 
of ships and land fortitic/*tion8;and, lastly, the thickness necessary 
to resist the different duscriptions of ordnance. It is asserted, 
probably with truth^ that whatever thickness of plates is adopted 
for casing ships, ginjs will be constructed capable of destroying 
them. But their destruction will even then be a work of time, 
and I believe, from what I have seen in recent experiments, that 
with proper armour it will require, not only the moat poweiful 
ordnance, but also a great concentration of fire, beftire fracture 
will ensue. If this be the case, a wellcoustructed iron ship, 
covered with sound plates of the proper thickness, iirmly attached 
to its sides, w ill for a considei*able time resist the heaviest guns 
which can be brought to bear against it, and be pratically shot- 
proof. But our present means are inatlequate for the pnxluction 
of large masses of iron, and we may trust that, with new tools 
and machinery, and the skill, energy, and perseverance of our 
manufacturers, every dithculty will be overcome, and armour 
plates produced which will retiist the heaviest existing ordnance. 
The rifling of heavy ox-dnance, the introduction of wrought-iron, 
and the new principle of construction with strained hoops, have 
given to all countries the means of increasing enormously the 
destructive power of their ordnance. One of the results of this 
introduction of wrought-iron, and correct principles of manufac- 
ture, is the reduction of the weight of the new guns to al>out 
two- thirds the weight of the older cast-iron ordnance. Hence 
follows the facility with which guns of much greater power can be 
worked, while the range and precision of fire are at the same time 
increased. But these improvements cannot be confined to our- 
Sidvcs. Other nations are increasing the power and range of their 
artillery in a similar degree, and the energies of the nation must^ 
therefore, be directed to maintain the superiority of our navy in 
armour as well as in armament 

We have already seen a new era In the history of the conatruc- 
tion of bridges, resulting from the use of iron; and we have only 
to examine tlu^se of the tubular form over the Conway and Menai 
Stmits to be convinced of the durability, strength, and lightness 
of tubular constructions applied to the support of railways or 
common roads in spans which ten years ago were considered 
beyond the reach of human skill. When it is considered that 
stone bndges do not exceed 150 feet in span, nor cast-iron bridges 
251) feet, we can estimate the progress which has been made in 
crossing rivers iOO or 5tl0 feet in width without any support at 
the middle of the stream. Even s|jans greatly in excess of this may 
he bridge<l over with safety, provided we do not exceed 1800 to 
21XX) feet, when the structure would be destroyed by its own 
weight. 

It is to the exactitude and accuracy of our machine-tools that 
our machinery of the present time owes its smoothness of motion 
and certainty of action. When I first entered this city the whole • 
of the machinery^ was executed by hand. There were neither 
planing, slotting, nor ahapiug machines, and, with the exception 
of yeiy imperfect lathee and a few drills, the preparatory opera- 
tions of construction wei-e effected entirely by the hands of the 
workman. Now everything is done by machine tools, with a 
degree of accuracy which the unaided liand could never accom- 
plish. Tl»e automaton, or self-acting machine tool, has wtthtu 
itself an almost creative power; in fact, so great are its powers of 
adapUtion^ that there is no operation of the human hand that it 
does not imitate. For many of these improvements the country 
is indebted to the genius of our townsmen, Mr. Richard Roberts 
and Mr. Joseph W^hitworth. The importance of these construc- 
tive machines is, moreciver, strikingly exemplified in the Govern- 
ment works at Wool\^ich and Enfield-lock, chiefly ArraugiHl 
under the direction of Mr. Anderson, the present Inspector of 
Machinery, to whose skill and ingenuity the country is greatly 
indebted for the efficient state of those great arsenals. 

Among the changes which have largely contributed to the 
comfort and enjoyment of !ife, are the impr>>vement8 in the 
sanitary condition of towns. These belong probably to the pro- 
viuce of social rather than mechanical science; but I cannot omit 
to notice some of the great works that have of late years been 
constructed for the supply of wat^r and for the drainage of towns. 
In former days 10 gallons of w&ter to each person per day was 
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eoiiti<1ered an ample allowance. Now, 90 gallons ia mncb nearer 
the rate of oonsumption. I maj instance uie water-works of this 
citjr and of Lirerpool, each of whidi yield a supply of from 20 to 
30 gallons of water to each inhabitant In the former case the 
water is collected fnnn the Cheshire and Derbyshire hills, and 
after being convened in tnnnels and aqnedncts a distance of 10 
mUes to a r^senroir, where it is strained and porified, it is ultimately 
taken a farther distance of 8 miles in pipes, in a perfectly pare 
state, ready for distribution. The greatest undertaking of this 
kind, however, yet accomplished is tluit by which the pure waters 
of Loch Katrine are distributed to the city of Gla^^ow. This 
work, recently completed by Mr. Bateman, who was also the 
constructor of the water- works of this dty, is of the most gigantic 
character, the water being conveyed in a covered tunnel a distance 
of 27 miles, through an almost impassable country, to the service 
reservoir, about 8 miles from Glasgow. By this means 40 
million gallons of water per day are conveyed through the hills 
which flank Ben Lomond, and, after traversing the sides of Loch 
Chon and Loch Aird, are finally discharged into the Mugdock 
Basin, where the water is impounded for distribution. We may 
reasonably look forward to an extension of similar benefits to the 
metropolis, by the same engineer, whose energies are now directed 
to an examination of the pure fountains of Wales, from whence the 
future supply of water to the great city is likely to be derived. 
A work of so gigantic a character may be looked upon as 
problematical, but when it b known that six or seven millions of 
money would be sufficient for its execation, I can see no reason 
why an undertaking of so much conse«]^aence to the health of 
London should not ultimately be accomplished. 

In leaving this subject, I cannot refrain from an expression of 
deep regret at the loss which science has sustained through the 
death of one of our vice-presidenta, the late Professor Hodekinson. 
For a long series of years he and I worked together in the same 
field of scientific research, and oar labours are recorded in the 
Transactions of this and other associations. To Mr. Hodgkinson 
we owe the determination of the true form of cast-iron beams, or 
Hection of greatest strength; the law of the elasticity of iron under 
tensile and compressive forces; and the laws of resistance of 
columns to compression. I lr>ok back to the days of oar joint labour 
with unalloyed pleasure and satisfaction. I regret to say that 
another of oar vice-presidents, ray friend Mr. Joseph Whitworth, 
is nnable to be present with us throagh serious, but I hope not 
flangerous illness. To Mr. Whitworth mechanical science is 
indebted for some of the most accurate and delicate pieces of 
mechanism ever executed; and the exactitude he has introduced 
into every mechanical operation will long continue to be the 
admiration of posterity. His system of screw threads and 
gauges is now in general use throughout Europe. We owe to him 
a m.ochine for measuring with accuracy to the millionth of an inch, 
employed in the production of standard gauges; and his laborious 
and interesting experiments on rifled ordnance have resulted in 
the pro luction of a rifled small-arm and gun which have never 
been surpassed for range and precision of fire. It is with pain 
that I have to refer to the cause which deprives me of his presence 
'and snppport at this meeting. 

A brief allusion must be made to that marvellous discovery 
which has^ven to the present generation the power to turn the 
spark of heaven to the uses of speech; to transmit along the 
slender wire for a thousand miles a current of electricity that 
renders intelligible words and thoughts. This wonderful dis- 
covery, so familiar to us, and so useful in our communications to 
every part of the globe, we owe to Wheatstone, Thomson, De la 
Rive, and others. In land telegraphy the chief difficulties have 
l)een surmounted, but in submarine telegraphy much remains to 
be accomplished. Failures have been repeated so often as to call 
for a commission on the part of the Government to inquire into 
the causes, and the best means of overcoming the difficulties which 
present themselves. I had the honour to serve on that commis- 
sion, and I believe that from the report, and mass of evidence 
and experimental research accumulated, the public will derive 
very important information. It is well known that three con- 
ditions are essential to success in the construction of ocean 
telegraphs — perfect insulation, external protection, and appro- 
priate apparatus for laying the cable safelv on ite ocean bed. 
That we are far from having succeeded in fulfilling these conditions 
is evident from the fact, that out of 12,000 miles of submarine 
cable which have been Uid since 1851, only 3000 miles are 
actually in working order; so that three-fourths may be considered 
as a failure and loss to the country. The insulators hitherto 



employed are subject to deterioration fiitnn mechanical rioleiioe^ 
from diemical decomposition or decay, and from the absorptioii 
of water; but the last circumstance does not seem to inflaenod 
seriously the durability of caUesL Electrically, india-rubber 
possesses high advantages, and, next to it» Wray's compound 
and pure gutta-percha f^r surpass the commercial gutta- 
percha hitherto employed; but it remains to be seen whe- 
ther the mechanical and commercial difficulties in the emplor- 
ment of these new materials can be successfully overcome. Tne 
external protecting covering is still a subject of anxious considera- 
tion. The objections to iron wire are ite weight and liability to 
corrosion. Hemp has been substituted, but at present with no 
satisfactory result. All these difficulties, together with those 
connected with the coiling and paying out of the cable, will no 
doubt yield to careful experiment and the employment of proper 
instrumenta in ite construction, and ite final deposit on the bed 
of the ocean. Irrespective of inland and international telegraphy^ 
a new system of communication has been introduced by Professor 
Wheatstone, whereby intercourse can be carried on between 
private families, public offices, and the works of merchanto and 
manufacturers. This application of electric currents cannot be 
too highly appreciated, from ite great efficiency and comparatively 
small expense. To show to what an extent this improvement ham 
been carried, I may state that 1000 wires, in a perfect state of 
insalatiouy may be formed into a rope not exceeding half-an-indi 
in diameter. 

I must not sit down without directing attention to a subject oi 
deep importance to all classes — namely, the amount of protection 
inventors should receive from the laws of the country. It is the 
opinion of many that patent laws are injurious rather than benefi- 
cial, and that no legal protection of this kind ought to be granted; 
in fiict, that a free-trade in inventions, as in everythmg elae, 
should be established. I confess I am not of that opinion* 
Doubtless there are abuses in the working of the patent law as it 
at present exists, and protection is often granted to pirates and 
impostors, to the detriment of real inventors. This, however, 
does not contravene the principle of protection, but rather calls for 
reform and amendment. It is asserted by those who have done 
the least to benefit their country by inventions, that a monopoly 
is injurious, and that if the patent laws are defended, it should 
be, not on the ground of their benefit to the inventor, but on that 
of their utility to the nation. I believe this to be a dangeroos 
doctrine, and I hope it will never be acted upon. I cannot see 
the right of the nation to appropriate the labours of a lifetime, 
without awarding any remuneration. The nation, in this case, 
receives a benefit; and assuredly the labourer is worthy of his 
hire. I am no friend of monopoly, but neither am I a friend of 
injustice; and I think that, before the public are benefited by an 
invention, the inventor should be rewarded either by a 14 years' 
monopoly, or in some other way. Oar patent laws are defective, 
so far as they protect pretended inventions; but they are essential 
to the best interests of tha State in stimulating the exertions of 
a class of eminent men, such as Arkwright, Watt, and Crompton, 
whose inventions have entailed upon all countries invaluable 
benefits, and have done honour to the human race. To this 
association is committed the task of correcting the abuses of 
the present system, and establishing such legal provisions as 
* shall deal out equal justice to the inventor and the nation at 
large. 

I most not forget that we owe very much to an entirely new 
and most attractive method of difiuaing knowledge, admirably 
exemplified in the Great Exhibtion of 1S51, and ite successors 
in France, Ireland, and America. Most of us remember the gems 
of art which were accumulated in this city during the summer of 
1857, and the wonderful resulte they produced on all classes of 
the community. The improvement of taste, and the increase of 
practical knowledge which followed these exhibitions, have been 
deeply felt; and hence the prospecte which are now opening before 
us in regard to the £)xhibitiou of next year cannot oe too hifffaly 
appreciated. That Exhibition will embrace the whole circle of Uie 
sciences, and is likely to elevate the general culture of the public 
to a higher standard than we have ever before attained. There 
will be unfolded almost every known production of art, evcary 
ingenious contrivance in machinery, and the resulte of discoveries 
in science from the earliest period. The tine arts, which oonati- 
tuted no part of the Exhibition of 1851, and which were only 
partially represented at Paris and Dublin, will be illustrated by 
new creations from the most distinguished masters of the modem 
school Looking forwards, I venture to hope for a great t 
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and a further development of the principle advocated bj this 
aaaociatioii — the union of science and art. 

In conclusion, my apvoh gies are due to you for the length of this 
address, ami I thank yon sincerely for the patient attention with 
which you have listened to the remarks I have had the honour to 
lay bpfore you. As the President of the British Association, I 
feel that, far beyond the oonaideration of merely personal qualifi* 
cationg, my election was intended as a compliment to practical 
■cience, and to this great and iTifloential metropolis o{ mnnuf^c- 
tore, where those who cultivate the theory of science may witness, 
on its grandest scal^, its application to the ioduatrial art-s. Ab a 
citi»en of Manchester I venture to aasnre llie association that its 
intentions are appreciated-, and to its members, as well as to the 
strangers who have been attracted here by this meeting, I o^er a 
most cordial welcome. 
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ii. : , >ident. Mr. Batkman, w.. .j.^ung the proceedings of 
the suction, delivered an introductory address, In the course of 
which he said — 

It is now nineteen years since I had the privilege of becoming 
a member of this association, and of acting as one of the secre- 
taries of this section at its former meeting in Manchester. 
During that period th^re was a time of apathy, when for some 
yearn it seemed doubtful whether the section could keep itself 
alive, and when I believe the propriety of puttiog an end to it 
was serioualy debated. Since the meeting at Hull, however, when 
cur excellent president presided over the interests of this section, 
it hsa pnrsuetl a more vigorous career, and as there is no section 
of which the pmctical importance can be more folly admitted, 
90 I trust the exertions of its supporters wiU impart such interest 
to its proceedings as will render it as attractive to the real pro- 
moters of science as any section of the association, and as useful 
in its results. In Manchester especially this section should be 
well supported, for in this district have been or have resided 
some of the most distinguiahed projectors and inveutora of the 
age — men whose ingenuity and labours have conterred incalcu- 
lable benefit upon the world: such men as the Duke of Bridg- 
water, Sir Richard Arkwright, and Samuel Crompton, in days not 
long gone by, and whose places have been well filled by the 
inventors and mechanics of our own time. 

Amongst the questions which have recently attracted popular 
attention, and which are specially deserving of the conBideratiou 
of the mechanical men of the day, are the improvements which 
are taking place in the construction of artillery, and in the an* 
tagonistic work of protecting the vessels of our navy from the 
terrible destruction to which they are exposed by the superior 
power and longer range of the guns which can now be brought to 
bear against them. . . . 

The anxious attention of those most interested in the manage- 
ment of railways was, during the late very severe winter, when 
the thermometer fell in some places 10** or IE'' below zero, un- 
eipectedly directed to the sudden and numerous fractures in 
the tires of the wheels of the carriages and engines. Indeed, 
for some weeks, travelling by railway was exceedingly unsafe, 
and the speed of the trains had to be generally and materially 
reduced. The cause of these fractures, and the beat mode of pre- 
venting similar occurrences in severe cold, are matters of public 
impoiiAnce, and fit subjects for notice and discussion in this 
section. But serious as were the dangers resulting from the 
intense cold of last winter, they are as nothing to those which 
appear to attend railway travelling by the excursion trains of 
the summer, for within the last few days we have been horrified 
by the accounts of two of the most diaastrons accidents which 
have occurred in this country. The prevention of railway aoci- 
dents is a fruitful snbiect of discussion, and one to which this 
•ection may very usefully devote a portion of its time and atten- 
tion. 



Another subject, which has recently attracted attention by 
the terrible and disastrous conflagration in Tooley-street, Lon- 
don, is the extinction of fire. The powers which now exist for 
this pur[)Ose, with the methods that ate aflopted, would form 
useful topics for consideration, and such notices as will lllnstrate 
the most approved methods of prevention — whether by the 
adoption of plans of fire- proof construction, or by the judicious 
application of water — could not fail to be both interesting and 
instructive. In a report written in 1844, by Mr, Samuel Hflrae, 
on the prevention of fire in Liverjjool^ he gave an estimate of the 
loss which had been occasioned by tires in half a century, amount- 
ing to the sum of i>l,L*oO,(X)0, and the loss of upwards of sixty lives. 
The frequent recurrence of fire was sntlicient to give Liver jjool 
an unenviable notoriety; but the single fire in Tooley-street, 
which occurred last June, nearly doubled the total loss which 
had occurred in Liverpool during a period of fifty years. Man- 
chester hiis fortunately been comparatively exempt item cala- 
mities of this nature. I find from the returns prepared by Mr. 
Hose, the superintendent ot the fire brigade, that from 1848 to 
1860 inclusive, the totil amount of property destroyed has been 
^H»54,;373, and the total amount of property saved has been 
-£5,900,364, being an average salvage of £403,874, and an average 
destruction of propui'ty amounting to ^G/),72L There are pecu- 
liarities in the means ailopted at Manchester for the prevention 
of fires, winch are deserving of attention. Probably this subject 
will be alluded to in the course of the meeting; but, as ha%Hug 
been responsible for the arrangements that were adopted when 
the whole piping of the city was re-organised and extended, on 
the inti'oduction of the new supply fif jm Longdendale, I may per- 
haps be allowed to say a few words on the subject. We had 
an ample supply of water, and considerable pressure, varying 
from 100 to 200 feet in the centre of the city ana in those parts in 
which the most valuable descriptions of proi>erty were geTierally to 
be found. With these advantages, it was my object to get rid of the 
old, clumsy, wooden contrivance called a ^* fire-plug,** which was 
a disgrace to the mechaniail skill of the ajge, and to do away as 
far as possible with the use of fi re-engines. This we have to a great 
extent b^eu enabled to do, both iu Manchester and elsewhere. 
In those parte of the city in which protectiun against fii-e was 
most important, the dimen.sions and arrangements of the pipes 
were deterniined with special reference to tfiese circumstances. 
In place of the old wood plug, a simple fire-cock, by which 
almost instantaneous communication could be made with the 
water in the pipe, and to which a hose and jet could be atkiched, 
was adopted, and the fire-engines were leather used as carriages 
or omnibuaea for the conveyance of the firemen and their imple- 
ments, than for actnal use at a fire. Nearly every \Tiluable 
block of building in Manchester is commanded by at least a dozen 
fire-cocks within 10<) yards. As an illustration of the advantage 
derived, I may quote from a report on the re-arrangement of 
the piping in the city of Glasj^ow, in which the same principles 
have been adopted. " As an illustration of this, I may mention 
two fires that have occuiTed in Manchester, one immediately 
before the introduction of the fi*esh supply of water there and 
the adoption of tlie improved fire-cock, and the other after the 
new system had been perfected. The first was a large warehouse 
in Piccadilly, the property of Messrs. Wood and Westhead, which 
was burned to the ground with all its contents, the damage done 
being about j£i>0,000. There were nine fire-engincH on the 
groimd at work, and one idle, and, in addition, four jets from 
fire-cocks of an old construction. Upwards of 500 persons were 
employed to work the fire-engines. The other was the ware- 
house of Messrs. Alexander Henry and Co., in the immediate 
neighbourhood of the first Mr. Eose, the superintendent of the 
fire-brigade, informs me that there were goods in the warehouse 
of the value of £14o,000, and that when he arrived at the 
building the fire was blazing out of eighteen windowss* In leas 
than twenty minutes eleven jets were at work from fire-cocks 
in the streets — not more than fifty men were employed, and the 
damage done was only £35,000: jf 110,000 wei^ saved." The 
great object to be arrived at is the immediate application of a 
sufficient quantity of water at the commencement of a fire; when 
it has once attained a powerful ascendancy scarcely any water can 
extinguish it, and all that can be done by the firemen is to pre- 
vent its extending to adjoining property. It should also be borne 
in mind that water cannot be thrown with effect either by the 

Eresflure of cavitation or by the force-pumj) of the finj-engiue 
eyond a limited height, which is practically under 100 feet. 
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AMrad of an Inmitigation on the Remtanm qf*%ips. By W. J. 
Madqcobk RAjrKDTE, C.E., LL.D., F.RSS, Lood. k Edio. 

This paper is a very brief abstract of the results of an investi- 
galion of the laws of the resisyiDce of ahips^ founded ongioally 
on experiineDtal data aiipplied to the author by Mr. Juuies R 
Napier, in 1857, aod first applied to practice in order to fix 
befoi'ehand the engine- power required for a ship, in 1858. To 
state all the mathematical details of the investigation would 
oce^upy much more time than can reasonably be allotted to one 
paper at a meeting; of the British Aasociatton; the present com- 
mnnication therefore will be limited to a general view of the 
nature of the theory adopted, a statement of the practical rules to 
which it leads for computing the power reejuired to profiel a 
given ship at a given speed, an abstract of some conipansiins be* 
tween the results of those rules and those of experiniLUit^ a state- 
ment of the limitations to which the application of the theory is 
subject, and some general conclusions deduced from it. 

r. GKITBaXL VIEW or THE TH130KY, 

The importance of friction as one of the elements of tlie resis- 
tance of water to the motion of a ship has long been recognised. 
Colonel Beaufoy made many experiroeDts on models, expieiisly 
to ascertjiin its amount Mr. Hawksley some years ago proi>osed 
a formula for the resistance of veaseU, oousisting of three terms; 
of wliich two — -representing the effect of pressure on the bow and 
atero — <lepeDd ou the aren of m'ukhip f^eclion, and (ho fjji^res of 
the bow iiud stem; while tlie thini— reprt'jienting the effect of 
frictinn^s proportional to the wetted surface of the ship. Mr. 
Bourne, in his work on the screw propeller, mentions friction as 
an element of the resistance of ships, which must depend on the 
girth rather than on the midship section. 

It Is to be remarked, however, that in all previous investiga- 
tions aa to the friction of ships in moving through the water, the 
velocity of the sliding motion of the particles of water over the 
ship's bottom has been treated as bein^ sensibly e<[«al to the 
forward velocity of the ship, and sensibly the same at every 
point of the ship's bottom; whereas, in fact, it rniist be different at 
different points of the ship's bottom, — ^at some {>oints leas than 
tbe s!iip*s speed, at other points greater; and, on an average, 
greater than the ship's speed in a pi*oporlion which is greater 
the mure bluff the figure of the ship. No definite r^Hults are to 
^j,> ..... I frotn any comparinon of experiment with a theory 
V, ' not take account of those variations, 

L . ... ;hor to be remarked that the excess of the pressure of 
the water agrvinst the bow of a ship above its pressure against the 
stem is onfy an indirect effect of friction; for, were it not for 
the loss of motive energy which takes place through friction, the 
particles of water would close behind the vessel with such speed 
as to exert a forwanl pressure exactly equal to the btickward 
pressure of the particles of water which are forced aside at the 
bow. 

The author was induced by these conaiderations to investigate 
the theory of the friction of the water against the bottom of a 
ship, taking into ac*x>iint the various velocities of sliding at 
variouiii pomts, as affected by the i>03itioD8 of those points and by 
the figure of the ship; and making only the following assump- 
tion — that the agitation in the water causctl by its friction on 
the ship's bottom extends only to a layer of water which is very 
thin an compared with the dimensions of the ship. Thh assump- 
tion enables the ratio which the velocity of sliiling at any point 
bear:* to the speed of the ship, to be expressed as a mathematical 
functiou of the position of the point, and of the ship's figure, by 
the aid of the general eqnntioos of fluid motion; and from that 
fhliction is dediiced a certain integral, which expresses the work 
performed in overcoming fj-ictioo over the whole wetted surface 
of tlu' ship, while the ship advances through a given distance, 
such :w one foot; and to that quantity of work the force required 
to drive the ship against the friction of the water is proportional. 
The mathematical invest Igatiuti is tedious and voluminous, and 
ia resorved for a detailed paper. The exact expressions arrived 
At were very complex, but were easily reduced to more simple 
expressions, giving an approximation sufficient for the purpose 
in view. 

Upon comparing the formula thus obtained with the Indicated 
power of actual ships moving at known speeds, it was found that 
the whole power required to propel the a nips could be accounted 
for by friction alone, leaving none to be accounted for by any 
excess of presaui^ at the bow above that at the stem, except 
auoh exoeaf aa is indirectly caused bj the friction, and virtually 



comprehended in the expresBtOD for the power required to orep- 
come friction. 

IL PRACTiCAL EI7LK FOR THE POWER REQUIRED TO PROPEL A BRIF, 
WITH TBOCHOIDAL, OR NEARLY TBOCHOIDAL, WATEB-UWBS. 

The first rule obtained in a form sufficiently simple for prac- 
tical use was the following: — **■ The resistance of a sharp^nded 
ship exceeds the resistance of a current of water of the Baxae 
velocity in a channel of the same length and mean girth, by a 

Quantity jiroportional to the square of the greatest breadth 
ivided by the square of tlie length of the bow and sLerm^ Th« 
mean girth is found by taking the mean of the girths, as mea- 
sure^i on the btuly-plan of the vessel, of the immere^ed parts of a 
series of equidistant frames or cruss-sections. The algebraical 
expression of this rule is »« follows : — 

>'=^«^(' + v) - ■••« 

ia which R denotes the resistance of the vessel; L, her total 
length at the water-line, in feet; L^ the length of her bow and 
stern together, in feet; B, her grentest breadth, in feet; G, her 
mean girth under water; ]r^=9-87; <?, the ship's sfi^red, in feet 
per second; ^, the acceleration prodnceil oy granty in a 
second, or 32*2 feet; w, the wei^^ht of a cubic foot of salt- 
water, or about 64 lb.; J\ a coefficient of friction, whose value 
for ii*on shif»s in a cle^u state, as ou their trial trips, is about 
•0036^ or nearly the same with the coefficient of IViclion of water 
at high speeils in caat-iron pipes. 

The exprn&iion for the indicated hoi-ae- power of the engine, 
deduced from the preceding formula, is as follows: — 

in which Ar is a coefficient ex^pressing the mtio of th^ .r-wa ifi<|i- 
cated power to the effective power, allowing for tli of 

the machinery and slip of the propeller, its airern. e is 

about 1'6; so that ltf=. about '(X)57t» otn an average lor ships in a 
clean state. 

But the roost convenient formula for practice is one in 
which the velocity V is given in nautical miles per hour, aud 
is as foUows: — 



i^Wk 



(3) 



(4) 



C being a divisor, whose value is 

550X2g ^115 
^ '^ 4-8064 X /r/io kf °^'^ 
or if ^=r*00676, C=20,000 nearly. 

This rule, with a coefficient of resistance deduced from some 
experiments on previously existing vessels, was applied in 1856 
to the computation of the engine-power required to propel a 
vessel then in course of construction (the Admiral); and at the 
trial trip of that vessel on the Uth of June, 185S (the jwirticulara 
of which, together with a copy of her body-plan, have beeo 
communicated to the Cammittee of the British Asi^ooiation an 
Steam-ship Performance*), the actual engine-power was found to 
differ from the theoretically computed engine-power by less than 
one-fiftieth i>art of its amount, the computed power being 758, 
and the actual power 744; and that notwithstanding that the 
Admiral differed materially in her proportions from the vessels 
from whose performance ilie coefficient of resistance had been 
deduced. The rule was afterwards applied with equal success io 
fix the engine-power of other vessels built by Mr. J. K. Napier. 

Ill, MORE OOMFBBHENSrv^ RULB POR THB POWER ILEQLIRED 
TO PROPEL A StUP, 

The rule in the form already given was de<iuced from a matlif^- 
matical investigation based upon a trochoidal foiTn of wnter-lioe; 
and therefore, although it could be applied with approximate 
accuracy to veaaels approaching to that type, some doubt and 
difficulty arose in applying it to those which deviate<l widely 
fn^m the trochoidal form. To obviate that difficulty, the rule was 
put into another form, which, while it was identical in its resnltB 
with the original form for trochoidal waterliuew, was more 
readily applicable to water-lines of other shapes. The alteratiou 
consists in this, that instead of ** a (quantity proportional to the 
square of the greatest breadth divided by the sqiiavi* of the 
length of the oow and stern,'^ there is to be aubatitnted **a 

* a«e BepDii of tbnt Commiltee (o tbe Aberdeen mpcliiig of the AuodAtSoii, lftS9. 



6el. 1, iBtfl] 



THE CIVIL ENGINEER AND ARCHITECTS JOURNAL. 



qoMitity proportioDAl to the square of the chord of the mean 
angle of entmnce of the water-liiiea;" it being understood that 
the angle of entrance of a given water-line is the angle between 
its two taugeotsat opposite aides of the bow, at the pointa where 
it is moat inclined to the keel; and that the mean valne of that 
angle is to be taken for a aeries of equidistant wateHines or 
horizontal sections of the vea^L The algebraical expression for 
the resiiitanoe now takes the following form — 



E^^.LG(l+4sin>i) 



(S) 



in which the symbols are the same with those already explainetl, 
except 6, which deuotes the mean angle of entrance, as already 
defined. In what follows, for brevity's sake, the quantity 

A lin^ •^ ia denoted by h\ The two expressiona for the engine- 
power beoome respectively 



_ V\ LG (1 + Ir) 
- Q 



(6) 



(7) 

The processes involved in this rule may be represeoted to the 
''ud as follows: — 

Multiply togetlier the length (L) of the vessel at the surface 

of the water, and the mean girth (G) of the immersed parts of the 
croaa-Bectiona or franie«; this gives the area of the internal sui*- 
faco of a channel or tube of the same length and mean girth 
with the vessel (LG). 

2. Increase that area in the ratio of unity plug the square of 
the chord of the mean angle of entrance (I -f^*)! to unity; this 
inorease is an approxiniate value of the allowance indiciUed by 
theory for the obliquity of the surface of the vessel, and for the 
excess of the speed of sliding of the particles of water over 
various portions of it, above the speed of the vessel. The reault 
of this process [LG (l+ft>^)] may be called the "augmented 
surface/* 

3. Compute the height from which a heavy body must fall to 

acquire the speed of the ship, (— "}; multiply that height by 

a coefficient of friction (/) deduced from experiment; conceive a 
layer of water of the thickness reuniting from the last mukipli- 
oation to be spread over an area ei:iual to the "augmented sur* 
face,*" — ^the weight of that layer will be the resistance of the 
vessel at the given speed (H). 



4. Multiply that resistance by the speed of the vessel in feet 
per second, and by a factor (k) ascertained by experiment^ to 
allow for the loss of power by slip and by the friction of the 
engine and propeller; the result will be the power or mechanical 
energy expended in a second; which, divided by 650, gives the 
indicated horse-power. 

Although in most cases the coefficient of friction (/) and factor 
for loss of power (k) cannot be separately ascertained, their pro- 
duct (kf) can always be aaoertalnsd by experiment, and this may 
be called the ** gross coefficient of resistance " 

5. The more convenient rule for finding the required indicated 
horse-power may be thus expressed: multiply the ** augmented 
anrfeoe" by the cube of the speed in knots, and divide by 

a divisor which is found by experiment {p ^ jz-X 

tV. COMPARISON OF THIS THEORY WITO EXPEftlMBNT. 

In applying this theory to experimental data, the proper coui«e 
is to comfrntti from those data the value in each cfise either of 
the gPOBs coefficient of resistance (kf)^ or of the divisor (C) which 
is inversely proportional to that coefficient; and should those 
values present such variations only as can be accounted for by 
ordinary variations in the efficiency of engines and propellers, 
and in the condition of the veasePs bottom, the inference is in 
favour of the soundness of the theory. It is necessary in every 
case to have access to the plans of the vessel, and hence com- 
plete seta of data are less abundant than coold be wished. 

The formulae to be employed are as follows: — For the divisor, 
^^V^LC(l+65 ^^, 



I.H.P, 



for the gross ooefficieut of resistance, 



- (J*) 



The following table gives nine examples of such calculations. 
Tliree of them axe founded on experiments made by Mr. J. R. 
Napier and the author; four on published data relative to go- 
vernmcot vessels; and two on published reports of the trial 
trips of vessels belonging to the PeoinsuUr and Oriental Steam 
Navigation Company* The breadth, mean draught of water, 
midship section, and displacement are given in each case, to show 
the \^riety of forms and slices to which the calculations relate. 
The displacement ranges from 140 to 3000 tons; the proportion 
of length to breadth, from 5j to 10; the proportion of oreadth to 
draught of water* from 2i to 4^. The final results show the 
divisor as ranging from 19,210 to 20,864, and the gross coefficient 
of resistance m>m 00^99 to *00dol. 



ExKmplo. 



Broadth. 



Draogbt. 






m«iit. 



McMigUlh 
G 



LG 



1 + 53 



Augmented 



Speed In 
V 



i.a.p. 



t^Nxifllcieol of 



1. Vulcan (piKldlo) 
2* Black ^ ■ - now 

3. Adlii;: : .,, ' ' . ) ,. 

4. RatUer ^screw) 

5. T>jtt*. 

«, Fairy (screw) 

7. Ditto 

8. Ceylon (Bcrew) 

9. Nnhia (icrew) 



leal. 

160 



F«ot. 
li-75 



17-26 



nu 



1670 
§20 
S7a 

107S 

lUtf 
3000 

2100 



4S'2 



8q. feet. 
P7*iO 

mu 

6785 
6675 
26tiO 
8010 

13.490 



I'l 



MG 



ttooo 

809d 
141^46 
31P2 
37^2 
17,«S26 

16,656 



14-6 

12 

10^)7 
0'd4 
13-U8 

13*34 

12-16 



412 



1422 



19,210 

20.864 
20,385 
19,860 
19,370 
2UJ70 
19.436 
20,374 

19,725 



•00699 

•00561 
-00665 
-00593 
•00593 
•0O564 
•00592 
M>0|j«5 

•00683 



V. LI5riTATJO>'8 TO THE TBEORV, 

The theory stated in this paper is not applicable to vesseU 
which are so bluff at the bow and stem aa to posh before them 
or draff behind them a mass of water full of wnirlLng eddies- for 
in aa<3i vessels the assumption already stated, that the water 
agitated by friction ia a very thin layer, is not fulfilled. 

Neither is the theory applicable to a vessel which raises a wave 
that buries a considerable proportion of her bowa. This lioes not 
oocnr in well -shaped vessels of the sixes to which the experiments 
already quoted rebite; but it may occur in modeb, as experiments 
ma«]o by Mr, James R, Napier and the author have shown. Smidl 
wooden models of vessels were raaile, of very various proportions, 
the proportion of length to breadth ranging from 5 to 10. The 
proportionate resistances of those models when dragged in pairs at 



equal speeds were tested by means of suitable apparatos: and it 
was found, that when the speed was so small as not to raise a 
wnve exceeding the ordinary proportion of the height of the 
wave to the dimensions of the vessel in large ships (say, from 
one-tenth to one-twentieth of the draught of water), the results of 
the exj^eriments exactly agreed with the theory; but when the 
specil was increased until the wave buried from one-half to the 
whole of the bows of the models, the resistance of the broatler 
model was increased in a greater proportion than that of the 
narrower 

From the results of these experiments it follows^ that in order 
that conclusions drawn from experiments on models may be 
applicnble to actual ships, care should be taken not to move the ' 
model at a speed which raises a wave exoeeding in propor- 
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tionate heigbt the wave raised bj the larger vessel; and that such 
may be the case, the velocities of the model and of the ship 
should be proportioDul to the square roota of their linear dimen- 
sions. For example, the models already raentioned were of about 
one-hundredth part of the linear dimensions of the vessels tliat 
they were intended to represent, and when dragged at one-tenth 
of the speed of those veasela, or leas, their resistance followed 
the same laws, but not otherwise. This conclufiion is common to 
the theory of the present paper, and to Mr< Scott Hnssell's wave 
theory. 

The efiect of such waves as have been here referred to on the 
resistAnoe might be taken into account by means of a supple- 
mentary theory^ provide<.l a sufScient number of experiments had 
been made on the large scale to determine the necessary data; but 
in the experiments on the large scale quoted in thla paper, the 
resiatAuce due to the wave at the bow seems to have been insen- 
sible^ or to have been balanced or nearly balanced by the pressure 
of the wave at tho stern. This balftnce^l ncHion is to be expected 
in veasela whose lengths, as pn^mbed by Mr, Scott Russell, are 
equal, or nearly efjual, to the lengths of waves traveUing with the 
same speed, 

VI. DEDUcnoira from the thjcory. 

The approximate expression for the resistance may be divided 
into two terms, one of which is increased and the other dimi- 
mshed, by increase of length. For a vessel of a given size and 
^pe, there is some proportion of leuL'th to breadth which makes 
the resistance a minimum. To determine that proportion 
exactly by the method of maxima and minima would be a process 
of extreme complexity and difficalty ; but from a series of approxi- 
mate calculations made by way of trial, it would appear to be 
not very far from that of 7 to 1: a conclusion in accordance 
with that which some authorities on shipbuilding have deduced 
from practicjd experience. It appears further, tbritof two vessels 
which deviate e«|ually in opposite directions from the best pro- 
portion, the longer has less resistance than the shorter: this 
conclusion also agrees with practical e?tperieDce. 

If, AS the comparison of the theory with experiment seems to 
show, the resistaiice of a vessel is proportional to what has been 
called the "augmented surface," it is the area so designated, and 
not the midship section, which should regulate the areaa of 
paddles and screws. 

The results of the invcHtigation described in this paper tend to 
prove that friction constitutes the most important part, if not the 
whole, of the resistance of ships that are well-formed for speed; 
and tliat its amount can be deduced with great precision from the 
figure of the ship by the aid of proper mathematicjil prcjcesses. 
On this, as well as on other accounts, It is to be desired that the 
data which are collected by the Committee of, the British Asso- 
ciatiou on Steam-ship Performance should be accompanied as far 
as possible by drawings of the ships' lines: at all events, by the 
"body plans,** from whieh the forms of water-lines can easily be 
constructed when the distances between the framee are known. 

Appendix. 

(Added sIdob iha moctltig of the A»odAliaC) 

Comparistm fjttwem the pithliahtd PUi/ru of two Sailing TacktSj the Themis 
(forme fly Tktmia) c^d the A merica, 

TaiMifl, AJiimiciA. 

Tomiage, buildere' old mcAEure 99 210 

Area of horizontal section a.t load water-lJne in iq. feet 11 SO 1280 

Oreotest breadth at load water-line in feet ,,. ,.. 19 22 
L; feet (length at lofwi water-liiie^ including? siem and 

Ridder .. ,.. ... 84 92 

G; feet (mean gfirth) ... ... ,. 27 26 

14-i' - M3 I'll 

'' Augmented surface, ** LG(1 -)-«>»); iquare feet ,.. 2563 2556 

Midiihip nectioa; square feet .,. „. ,., ... 90 99 

The tonnage by builders' old measurement is stated, because it is 
usual to consider it as an indication of the capacity of yachts to 
carry sail. In the present instance it greatly exaggerates the 
difference between the vessels in that respect; for the smallness 
of the tonnage of the Themis is caused by the great rake of 
her sternpost, from the foot of which the length for tonnage, 
b,o,m., ia measured. Had she an upright a tern post, like the 
America, her tonnage, b.o.m,, would be about 122. 

The area of horizontal section at the load-water-line is 
given; because the capacity to carry sail, though not simply pro- 
portional to that quantity, ia to a great extent dependent on it 



The greatest breadth at the load- water-line is given for a similAr 
reason. 

From this comparison it appears, that while the capacity of thl» 
America to carry sail is considei^bly greater than that of th* 
Themis, the *'* augmented surfaces ^' of the two vessels are sensibly 
equal (the difference of 7 square feet being within the limits of 
errors of measurement); so that the America, according to the 
theory, ought to be the more speedy vessel, notwithstAnding her 
greater midship section : a result in accordanoe with thut of Iii6 
well-known trial of speed of thoae yachts. 

The comparative greatness of the mean girth G in tlie Themis 
is caused mainly by tlie very hollow form of her croMt-sectionSv 
If they were nearly triangular, like those of the America, tha 
mean girths of those vessek would be nearly equal. 



On Iron Comtructim^ ufith Hemnrki on the Strength ftf Iron 
Column* and Arches, By F. W< Shktlds, M. Inat C. E. 

It is almost needless to eipatiate on the great and rapid 
development which the use of ironwork ban received, within m 
few years preceding the present meeting. In bridge work, Ih© 
ancient structures of mnsoun^*— in roofings the em[»loymeut of 
wooden framing, — and ju shipbuilding, the use of timber both in 
the naval and mercantile marine, are being gradually superseded 
by a material emirjently possessed of the qualities of strengtliv 
dui-ability, and cheapness, for engineering construction* Nor 
are these effects confinetl to England alone, for the employment of 
British iron for such purposes has now become well-nigh 
universal In fact, it appears almost anomalous, that iron for a 
bridge or other construction, manufactured in this country and 
conveyed abroad at considerable cost, should supersede^' with 
economy and advantage, in Australia, India, Russia, or Spaitiy 
the materials) indigenous to the country and found abundantly 
on the spot; and this when iron is more costly in itself than the 
materials of wood and stooe which it supersecfes. 

This apparent contradiction is explained by two causes — l8t» 
that iron possesses, size for size, much greater strength than auy 
other Bubstance in genera! use; and, 2nd, that it possesoea 
eminently the capacity of being manufactured in such varijdale 
shapes and sizes as the nature of the ciise m»y require; — so that 
sufficient material may be supplied in each part oJ the structure 
to meet the stress or strain upon that part, without any being 
wasted or lost to use. 

Under the:Be circumstances, an iron constmction of many parts 
accurately proportioned for its purpose, should, when loaded to 
the point of fracture, have every part strained to the full extent 
of its resisting power. If some of its parts be increased in 
scantling beyond this proportion, fauch increase will add nothing 
to the strength of the structure as a whole, which is limited by 
the strength of its weakest part, and will only involve the addi- 
tion of useless weight and expense to the construction. It follows 
therefore, that the designer of iron structures should possess, not 
only the workman's practical knowledge of the material with 
which he has to deal, but should be peculiarly acquainted with 
the scientific and mechanical principles by which the strains on 
each part are found, so as to enable him to apportion correctly 
the scantlings for those parts. 

The object therefore of this paper is to call attention to the 
necessity for a greater diffusion amongst practical men dealing 
with ironwork, of a knowledge of the mode of calculating the 
strains upon the usual constructions to wdiich iron ia applied. 
Nor ia economy the only consideration which urges the necessity 
for progress in this respect. In a framings where the strains are 
transmitleil from one portion to another throughout the stmo- 
ture, the insufficiency of one part may easily compromise the 
stability of the whole ; and the element of safety enters hirgely 
into the consideration of the question in this view. 

It will not be attempted in this paper to recapitulate the 
scientific principles in question, which the author of these re- 
marks has recently ventured to lay briefly before the public. 
It is conceived, however, that it may be acceptable to state the 
conclusion to which experience has led him as to the practical 
amount of loading which may be laid upon iron columns and 
arches; the results of which he has not previously made public 

IRON COLUMNS, 

Tho foregoing remarks have had reference to framed and other 
atnictures of comparatively complicated character, with strains 
varying both in nature and in amount: but in the simple cod- 



0«,1,II<1] 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL 



inr 



•truetion dow alluded to it is believed that practice aifords the 
beat guide. The author's profesaional engagementa in the eon- 
•tnictioD of the Crvatal PnJAce at Sydenhain, and other works, 
have g:iveii bim much upportunity uf ascertaining the amount of 
load which cast-iron coluama will sustain with safety- In his 
practice accordinglj the followiog rulea are adopted as the baaia 
of calculation of their strength — ^the columns being supposed of 
good eouatructioD, with flat end% and with baae plates at their 
beariugs. 

For hollow columns of 20 to 24 diameters in length , columns 
may be loaded with 
If cast j iiL thick or upwarda, 2 tooa per eq. in. sectional ansa of coltmuL 

»' ■ •* *f 1* II >i ft 

»» J «» »» H M It t» 

For columns of 25 to 30 diameters in length, 
If ] inch thick or upwanla 1| tons per square indL 

■ ♦» *» 1 4 „ „ 

I *» n 11 ft *> 

The cause of the niodiGcatioaa of loading from varying thick- 
nesses ia, that thin and liglit columns are more liable to fracture 
from inequalities of casting and from accident, and should there- 
fore be less luided in proportion than those of greater thickness, 

IROK AROHIS. 

In the apportionment of iron to meet the strain or throat of 
an arch, it h usual amongst engineers to allow about 2^ tons 
of thrust or pi'essnre to each sectional inch of cast-iron ; and 
■1 tons of pressure to each sectional inch of wrought-iron. 
Independently of the compression of the arch, it ia advisable in 
very flat arches to consider the flat central portion as a girder, 
And to give to its top and bottom such flanges as a simple beam 
of its length and depth would require. Thus, in an arch forming 
a curve of 300 feet radius, which tlie author had i*ecently to 
design, the central portion of 70 feet was conwdered as an inde- 
pendent girder, and treated in this manner. 

In bringing these brief remarks to a close, it may be stated as 
their object, to pron^ote a general knowledge of ruling principles 
in a subject of ever-growing importance. 



Patent TrihunaU, By W. Spekcb, 

The number of patents in force on the lat of July last was 
about as follows :— 

Under the Old Law ..,,...; .i 2,580 

Under the New Law- 
Patents under 3 yean old 5850 

Ditto over 3 yoora and under 7 yoare 8fi50 
Ditto over 7 years and under 14 years 400 

10,100 



12,686 



Thus, speaking in round numbers, it may be said there are 
12,000 patents now in force; and the amount of property repre- 
sented by this number of patents (which is continually increasing) 
i* surt'ly of sufficient value to entitle it to consideration. When 
then?fore we turn to the existing tribunals for trying couflicting 
rights, aud find that, according to the testimony of tliy judges 
themseU'ea, they are most defective, it becomes a serious Question 
for patentees to consider whether some remedy cannot be pro- 
vid©il by which patent property may be rescued from its present 
atate of iusecurity. Undoubtedly there are inherent difficulties 
iuaettliugpateutqae8tion8.bat this ia no reason why obvious 
and acknowledged defeiH/i in the existing tribunals should be 
allowed to cuutiuue withuut any effort beim^ made to remove 
them. The strung language used by the judges in coudem nation 
of the ordinary mocle of trying patent cases ia also worthy of 
noitcei aa showing the impossibUity of working the system satis* 
fiwlnrily. 

I ihiuk the chief objection to the present system liea in the 
mode of inituiting the trial by a scientific contest of professional 
wituesses. The adopt! •-'' • • V " .i^ed the 

artificial character of t case to 

which the court has to u.iur .m- .a.>, luu up.' .iuikuilv for the 
jurj'ofdiseotaDgling^ the fftct>« from the tech uiad science, Mr* 
Grove, in an article in the Jurist in the eai^Jy pjirt vi laat year, 
alludes to this defect in the following terms;— 



" A plaintiff patentee has all at staka-^aD alleged inftingcr compara- 
tivcly little: the former therefore \e provided with an array of oouniiel aod 
ftcienti^c witneises, which gives him an immense advantage when nub- 
jeoU are diKcusaed unknown to the majority of judges and juiymen. The 
case 18 shaped adroitly, and the minds of the jury are geQeiidily 
moalded into the groove laid down by the advocate for the p laintiff , 
without being at all oooiciouB of it The cases goierally last so long, 
that in spite of eveijr deair© to do justice, "weormeM prevents proper 
attention to the defemlant'a ease, all that is interesting in the scieutafic 
questions having been alreadj exhausted; and ultimately the counsel lor 
the plaintiff has a genera) reply." 

Then, after mentioning the advantage to the phiintiff of an 
opening and reply by counsel, he adds — 

''On the other hand, aa against the plaintilE; it not unlrequently 
happens that a patent for a valuable inventian is upset by an nnfqreaeen 
defect in the specification,** 

According to Mr» Grove, whose well-known ability and 
experience entitle his observations to attention, it would appear 
that the present mode of procedure enables a plain till, who has 
BuHicient capital to devote to a trial, to gain a considerable 
advantage by extending bis case, by the aid of an imposing array 
of counsel and acieutitic witnesses, to the point of prodttcing 
weariness in tbe court and jury. This is one aspect of the caM; 
but then auother is that a plaintiff patentee has to choose between 
the course described and thatof running a great risk of detriment 
to his patent right by an adverse verdict It is the custom for 
defendants to organise an attack upon the plain tid''s patent with 
the aame combined force of counsel and scientitic witnesses; and 
the plaintilf therefore finds himself compelled to protect hia 
patent at great expense, so as to cover every point of attack as 
far as he can foresee it. Besides, a plaintiff pittentee has too 
frequently to encounter the combined force of a confedei-acy of 
defendants, whose common pnrse enablee them to caiTV on the 
warfare with crushing effect. But there is no means of placing 
any effectual cheek on abuses of this kind: they ore fostered by the 
present sj^atem. To use Mr Grovels words, " Great defects 
exist in the trial of patent cases, some of wbich are incident U> 
other forms of litigation, but some are peculiar to patent cases." 

Then, besides the defects referred to, there is the enormous 
sacrifice of time involved, first in getting up a case, and then in 
waiting to have it tried. This and the actual expense of a trial 
render it impossible for many patentees to protect their patents 
against infringement. So that, without pi*olonging any remarks 
on the defects in patent tribunals, it may be assumed that there 
ia an absolute need of radical improvement in them, so as to givta 
to patent property a reasonable amount of security; and wd 
have seen that the amount of property at stake is so great as to 
render its adequate protection a xoatter of considerable aocioi 
oonseqnenoe. 

In adverting to the remedy for the evils, I intend to examine 
Hr Grove's suggestion, and to point out in what respect I agree 
with him and in what I differ from him: then I shall offer some 
suggestions of my own, Mr. Grove says — 

*' My idea is, to have a court for ndviftlng the Crown on tfie jrant uf 
lettera patent, if or fixing the term for which they should Ij* r 

trying patent causes, and for eiuuaining and reporting on A| ] 
prolonging the monopoly. The idea of a sf>ecial court for i 
causes is not new, it luii Ijcen frequently discnsaed, and 
favour 1>v ' ' ' > bar; it Iww lieen alluded to i 

from the I unfnvourably regarde*! by pat<;ut tigt?nt«, 

fttt4''rrM'Vi-, uirli i» it..-ut. i-:n.*um T Udiilil. !iri^%i'v*'r. 

givi^ ■^"' 'i • ' !"■■ ; 

and BuUcitor ^cuefikl, witJi leiiliii. 
that the court »U*Mild ext^rcixie tL 
of tbc Cn.iwn in a immi judicial ;uiii J 

Mr. Grove's plan (as may be gathered from this and other 
portions of his article) consists of three branches of judicial 1alionr« 
First, tixing the term for the patent Second, trying patent 
causes. Thiril, reporting on applications for pmlongation of th« 
term of jiatent right. As to the first branch, I do not agree with 
Mr. Grove. lie proposes that every application fur a {xitent 
should in the first instants be referred to the new court, and that 
** the claims should be heard upon petition in open court, where 
any opponent should also be heard, and the merits of the inventinu 
thus discussed as far as they could be at such a stage." Instejui of 
the j»ro visional specificntiou being as now a sealed doctimt-nt, it is 
propojied to make it public as soon as it is deposited; and instea*! 
of the patent being granted as now on mere application, at the 
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entire risk of tbe applicant (tiDless it be oppoaodX it h proposed 
to give the court a discretion aa to the ^ntiug of a patent at 
all, and in any case to fix the term of the patent right according 
to what ahall apf>ear to the court to be the merit of the invention. 

The great diiiiculty as it appears to me in the exercise of such 
a function by a court, is the embryo state of the invention at the 
time of the original application for provisional protection. Mr, 
Cirove appeal's to have some sense of this difficulty by hia 
inserting the qu'dification expressed in the words "as far as they 
could bo at such a sta^e'* with reference to the preliminary dis- 
cussion of the merits of the invention. But the difficulty is more 
likely to be brought home to the mind of a patent agent than of 
a barrister^ because apatent agent is ordinarily oonsalted on inven- 
tiofis prior to a patent being taken out, and he suggests the fonn 
of proviaional specification ailapte<J to secure the essential parts of 
the invention, reserving thesubsidiaiy parU to be determined by 
experiment in time to l^ inserted In the nnal sfiecification; whereas 
the barrister h seldom oonsulted except upon the final specifica- 
tion, or after this has been filed. The patent agent is neoea^iarily 
more familiar with inventions in what I have called their embryo 
State than the barrister, and this is probably the reasou why 
patent agents oppose the opening of proviaional apecificationa to 
the public before the final document has been filed, while barristers 
are found to advocate it. From my own experience of patents, 
I am convinced that many inventions of merit cannot be tiuly 
appreciate befoi'e experiment, and that their merits could not m 
discussed at all at the stage proposed, with a vi<»w to determining 
whether they were worthy in the eyes of a court of being pro- 
tected by patents, 

I altogether doubt the practicability of the foUowing suggea- 
tions of Mr, Grove: — 

'* In (MTiiiHidering the question of wlut was the tmbject of a pntent, the 
court woulii not, if it did its doty, take the aaurow grounil liithfrtr* 
HiioptiE^l, antl say that everything was a proper subject for a patent which 
wa« new, in the sense of no one having practised it before, and of its 
having iome, though ever so litdo, utility': it would look tc* §ubiitantiAl 
merit, to inventions which prominefl effleicnt serviee to tlte c-ommumly , 
anil acJjudge acx^or^lingly. It might poeKih!y« in rare casog, reject a 
Tnt^Tttorif^if^ invention, hut this would he lew injurious than the yirefit^nt 
^t 1 1 anil c^iiifiiBiim. By havmg the power of naming thi# Ume 

^ icTS-fiaient nbnuld be granted, th» monopoly would hear a 

l»ii.|'. I r Ilium iij tho merit of the invention.*' 

I doubt the practicability of the court choosing ont of the mnsa 
of inventions with anything like accuracy those ** which pro- 
miaed efficient aervicse to the community," and assigning to them 
their respective values so as to give to each a term of |mtent 
right which would bear a proper relation to the merit of the 
invention. Mr. Grove meets tne aupr>osed objection that " the 
court would, as the attorney or solicit^jr general do, gnvnt all 
demands, or so large a number of them as to make it hardly 
worth while to have the discretion veated in it,*' by referring to 
th<j mode in which the Judicial Comniiltee of the Privy Council 
have been in the hribit of exercising their discretion with re«.pect 
to prolongations of patents. But this I submit is quite a ditTe- 
rent case. Patents are fourteen years old when presented to 
the committee, evidence of their practical utility and inadequate 
remuneration is produced; and the practice has been simply to 
ascertain whether any case of hardship on the patentee exista, 
and if so, to grant a prolongation of the term, but if otherwise, 
10 j'efuse it 

The exercise of a discretion of this kind is as different from 
that proposed as a retrospective decision ia from a pttisfwctive. 
In the one case there exist data on which to found a judgment, 
while in the other many points require to be settled by experi- 
ment before any accurate judgment can be formed. Then there 
h a very serious objection to the plan in the time the investiga- 
tions would occupy. At present there are three thousand .Appli- 
cations for patents In a year. How long would it take to 
dispose of these so as to give to each the attention which is 
impliufi iu hearing a discuasioD of their respective merits, with 
a view to the exercise of a discretion to the extent of withhold- 
ing a grant or of proportioning the length of its term to the 
value of the invention 1 

On the foregoing grounds, with others, I venture to doubt the 
practiaability of any plan of preliminary investigation of the 
merits of inventions before granting patents, whether in the 
form proposed by Mr. Grove or in any other form that I have 
known to be suggested. Preliminary investigation can only be 
•d to check irregularity of practice. But I pass now to the 



second branch of judicial labour proposed to be asBigDed to the 
court — that of trying patent causes. 

Here I am happy to find reasons for accepting the atatemefite 
of Mr. Grove, and it ia undoubtedly a satisfaction to my mind lo 
feel that the cause of a speciiU tribunal for trying patent cauM 
has the benefit of so able an advocate. I quite agree with hina 
that ** the judges of the new court should be chosen from prae- 
tising barristers of a certain standing.'' I also admit iha^ 
** nothing qualifies a man for testing the truth in judiinal inves- 
tigation so well as practice at the bar." Mr. Grove's qn. ' t p- 
tatioe of the suggestion of a scientific assessor to sit wi ; ^e, 
appears to me likewise to be correct, Tlie jutlge ougin u m.. un- 
fettered, and alone responsible for the conduct of the case; and 
therefore in those cases in which it was advisable to atfonl him 
scientific aid, the scientific man or men calleil to aid him -should be 
subject to his control I think with him that it would be better 
for the judge to "have power, as the law officers now have hy 
section 8 of statute 15 and 16 Vict. c. 83, to call in occasioiuu 
aid," than to appoint a ijermanent assessor. Mr. Grove makee 
the following valuable remarks on the probable working of the 
conrt:^ — 

'*In trying patent caees the court, by having ii» entire aitfmtitn& 
directed to scientific matterei, would he able to deal mon» iHfctiAfa<:"torily 
with scientific witneaae*, wouldc detect Uitiir fallacies and apfirriate their 
noimd evidence* and thus be alile to unveil the truth to a jury with mof^ 
aviccreiw, \ye it said with aU respect, than judges who have only )x?eatfioimUj 
t "devote their mindi to a class of subjects riM|uiring .a [ ' - rppentiije- 
sJiift fairly to master them. The court would analv of facU 

leaving them to a jury, so a« tri do away in some de^^i ; n adviui- 

tage gained by the more skilful advocate. The dtscrKtii>muy ^ictwer of 
granting new trials In tlie hantU of inch a court wouIjJ Ik? nf great a^^tvun- 
tu^e. All the interlocutory matterB^ Buch an the 8f«ttb'ng ftorticuhixs of 
hreaches and notioea of objections, would be more fully ^-one int/> and 
more aatisfactonly settled by «uch a court than they are in Uie pteaent 
acTittable tiefare a judge at chamberB.*^ 

All barristers of experience in patent trials know the trouble 
of settling^ particulars of breaches and notices of olijt'Ctions» and 
I think they would bear out Mr, Grovels remark in character- 
ising the present proceedings before a judge at chamliers im a 
"9crambfe. The following additional remarks of Mr. GroTo 
on the probable working of the court are also worthy of 
attention: — 

'* QuL'^stions of disclaimer and memoranda of literati on would be fully 
and openly disousiied befor. tii^. * .mr»,, and the publicity of these mattfCt* 
would nrjt only have it* i' • feot of c<»mpeUmg tlie court to givf* 

tiie fullest and mo«t cm inn to the queJitions on this be*tt 

brought liefore it, hut wuuid tiilighten thoge section of the puhlic 
interusted in Qui patents disuuided. m to the n?al merit* of tht fiaWatde*. 
Thei<e diAcuaaiomi would have the fH'Oper effect of giving iocmfted 
8ti»hility t«» meritorious, and of exjiosing frivolous patent^s." 

Mr. Newton has repeatedly drawn attention in his journal to 
the defects in the present mode of administering this part^ of 
patent law; and to me it has appearetl to be the most defective 
I»art of the functions of the law officers, arising no do\ibt from 
the little time which they have at command for tho pur|)o«e, 
compared with the gi-eat amount of attention which some pointa 
connected with disclaimers and memoranda of altemtiun require. 
It is probable that the proposed court would do much towards 
remedying the defects in this part of the administration of tl^e 
law. 

Mr. Grove also iays: — 

** The court would have the powen now veHtetS in tlie law mffioeiB of tbe 
Crown, in tlie judge* trymg patent causes, and hearing argumente cm 
them in bjmc, and in the Judicial Conunittee of the Privy Councfl." 

By this arrangement there would be a consolidation of the 
functions of the present separate authorities, which would in all 
probability have a tendency to give strength and consistency to 
the proceetlings: besides, it would avoid the necessity of apply^ 
ing to different courts, with the risk of opposite decisions 
thereby incurring useless expense. The argument of the Lord 
Chancellor with reference to the Bankruptcy Bill appe^^irs to me 
to be applicable also to such a court aa this, wherein he apeaks 
of 

"The Ixjncfit that would reflult from the estahliehTnent of an all-sufli- 
cient tribLUL-d, that would be able to administer justit^einall it*hranch««v 
and would set the example of a court com|ieieut to didcharc:^ its doty 
without dancing the puitor to and fro, to enable him U* get a tnignMnl cC 
justice in one placse and another fragment elsewhere,** 

Tlie same learned authority said — 
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" We in England suffer under eiili which have grown up from ibe 
fact that a great portion of juaticse i« Adnunittered bj one tribimai, mud 
another equal or larger p''»rtion of juntice in odminiMtered by ajjothijr; the 
trtbunalA being frequently rmtagonistic and oppoa^ to each other: so thnt, 
In point of fjuTt, joflttoe it constantly etabomted by a system of oounter 
processes." 

This remark might be abandantlj illustrated by a reference to 
the history of tDaoy pa Lent cases^ and who will douLt the aoo- 
maly of such a state of thiD^s ? Hence it will appear that 
Mr, Grove's proposed court would possess an element of strength 
in its concentration of jurisdiction. 

Having thus shown in what reapecU I differ from Mr. Grove, 
and in what respects I agree witn bim, I will now proceed to 
offer a few suggestions otmy own. On this point it is difficult 
to avoid repeating myself in a manner that may bo considered 
tedious by some wlio may have read portions of my letters in the 
Engineer. I do not however propose going over much of the 
ground traversed in those letters, tmt will content myself with 
making a mere allusion to my leading purpose in writing them, 
and a lew remarks in connection therewith. 

I have all along contended thai the chief requisite in a good 
patent tribunal is an efficient means of interpreting the specifi- 
cation at the outset of the proceedings, and that the present 
tribunal does not supply this — hence its great defect I am 
ready to admit that the specification does eventnally get an in- 
terpretation under the present system of trial, but that is usually 
not until, after several years of litigation, the ca?^ arrives at the 
House of Lords, the ]|jgheat court of appeal The objection to 
the exiatiuiy mode of investigation is that it is too circuitous. 
There is often indeed a great show of precision in language, 
while there is really a wide divergence from the easentral matters 
of the speciBca^tion, The cotmsel and scientific witnesses have a 
natural tendency to twist the language of the document to suit 
their particular purposes. Then there is all the by- play and 
mano»nvring to produce an effect on the jury. All this cornea 
in the way of an interpretation of the specitication. It would 
occupy too much time to illustrate these point« by referring to 
cases. I will only refer to Heath's case, which has been so filly 
reported and commented on by Mr. Webster, who remarks 
thus: — " A considerable degree of uncertainty is unfortunately 
an incident of the legal proceedings necessary for the mainte- 
nance and protection of property in inventions; but Heath's is a 
moat remarkable case of such uncertainty.'* In this case the 
claim in the specification was thus expressed negatively: 
" Not the use of any such miiture (the particular mixture de- 
scribed) of cast and malleable iron, or malleable iron and car- 
bonaceous matter, but only the use of carburet of manganese in 
any process for the conversion of iron into caat-ste3." The 
claim was also thus expressed positively: ** The employment of 
carburet of manganese in preparing an improved cast-steeL" 
Now in this case the patentee was non-suited in the Court of 
Exchequer, on the doume ground of the elements of carburet of 
manganese being so much cheaper than the composite substance 
as to make it a new invention, distinct from that of the patent, 
and of the insufficiency of the evidence to prove the formation of 
carburet of manganese dmring the process of using the elements, 
so aa to bring the alleged process within the terms of the 
daim. 

The specification in this ca^^e seemed to be used as a subject 
for the trial of logical exercises. Looked at from one point of 
view it wtu shown to mean one thing, and from another point 
of view another thing. But what was held to be its real mean- 
ing is not stated: we are left to gather this from the terms of the 
noD-suit, which are unfortunately ambiguous. The assertion that 
the use ot the elements was a new invention, on the ground of 
its comparative cheapness, seems to imply that the specification 
was held to include only the more expensive mode of using the 
composite substance previously prepared. There seems to Be no 
clear distinction drawn between a difference in degree and a diffe- 
rence in kind. The one passes into the other (it seems to be said) at 
a certain point, but where we are left to guess. Then the other 
ground of the non-suit seems to imply that the specification was 
held to cover the formation of carburet of manganese per #e — 
otherwise what could it matter whether it was formed or not^ as 
it was confessedly not formed in the manner directed in the spe- 
cification. Hence it appears that no clear opinion as to the 
specificfition was pronounced by the non-suit On the first 
ground the document seems to be declared to be confined to the 
use of cakrbnret of manganese in the expensive mode— that is aa 



a composite substance previously prepared; on the second ground 
it seems to be declared to cover the use of carburet of man- 
ganese in any manner, that is as extending to the elements. And 
then, if this point of the two conflicting c(^>nstruetions of the 
document be followed throughout the whole of the decisions 
(ten in numl^r) it will be found that suth ten decisions were 
respectively governed by the particular side of the alternative 
that happened to be adopted. One class of opinions (adopted by 
seven judges) construed the specification as covering the use of 
carburet of manganese without limitation, and affirmed the in- 
fringement of the pate?it by the use of the elements; the other 
class, adopted by four judges and two law lords, construed the 
specification as limited to the use of the composite soh^stanoe 
previouflly prepared, and declared that the use of the elements 
was no infringement. 

Now the important question of principle in the trial of patent 
causes — illustrated by this? slight reference to Heath's case — is, 
that the conchm0n of the case is govenie*t bg (he Qpinhn firrtn&i of 
the itpecifiratiavy and this principle is univei^ly applicable in 
patent cases. Ilenc© the proper test of sufiiciency to be applied 
to a patent tribunal is this, — What means of interpreting the 
specification does it possess ? The precise form of constitution 
for the court is comparatively unimportant provided it possess 
the menus of interpreting specifications readily and accurately. I 
think that, whatever form were adopted in the first instance, it 
would have to be modified as the work on the bands of the 
court increased; therefore it is advisable as a preliminary mea- 
sure, to adopt as simple a form of tribunal as is compatible with 
the end in view. The machinery can always be increased. 

I would thus suggest aa an experiment the mode of trial 
adopted in the case of Wheeler v. Turner. In this case the parties 
agreed to refer the matter to a patent agent chosen by each party, 
who before sitting as arbitrators were to choose an umpire. The 
arbitrators and umpire had the case laid before them at two 
sittings of about four to five hours each, at which they took 
notes of the evidence separately. They then adjourned over a 
day in order to look over their notes, and afterwards met and 
disposed of the case. The form of proceeding was, to take a deed 
of agreement, previously arranged by the solicitors of the parties, 
simply stating the issue to be tried, as the basis of the investiga- 
tion, and then to examine the case submitted by each party with 
reference to its bearing on the questions required to be answered 
by the arbitrators. The ease for each party was stated by coun- 
sel, who abstained from introducing irrelevant matter, and 
avoided ** topics of prejudice " and mere speech-making. No 
professed scientific witness was examined, the arbitrator not 
standing in need of any such help; so that the usual conBumpiinn 
of time in bringing out and answering hypercritical statements 
on the specification was avoided. The evidence was exclusively of a 
practical nature, the witnesses were all men practically acquainted 
with the manufacture in question, either as workmen or as 
directors of work; not accustomed to the practice of giving evi- 
dence, and therefore amenable to the control of counsel. And 
it did not appear all through the investigation that any point of 
importance bearing on the science of the case failed to be elicited 
from want of power in the examiners to reach the full ma*ining 
of the witnesses: so that the arbitrators had full confidence in the 
evidence as it appeared on their notes. It will be easily under- 
stood by anyone who baa hod any experience of the labour and 
expense in time and money to the parties in ordinary trials how 
much was saved by adapting so comparatively simple a mode of 
settling a patent case. 

The only question is as to the quality of the decision in such a 
case aa this. It may be asked, what security is there that good 
arbitrators can be found ? Probably Mr. Grove would have some 
doubts on this point, for be says: — 

" The large majurity of those who have had opportunitiei of Wi^mf; or 
tiying the (Mercnoe between what is termed a lay arbitnition and a legal 
one, will need no argument to ooavinoe them of the superiority of Sie 
latter, * cuique in miA arte crtwlendum ' ; and few, if any, professions 
require Buch training, moral as well as iuttillectual, as does that of aa 
advocate or a jvidg*.'* 

Now, I have endeavonrod, in letters published in the Enginitrj 
to answer various objections to arbitration in patent cases, I will, 
therefore, at present only refer to Mr. Grove's objection in 
particular, which it appears to me may be answered by claiming 
for the arbitration in the case of Wheeler r. Turner iu«t described 
the quality which he contends for as e.<iaentiaL The arbitrators 
were professionally trained in the Uw and practice relating to 
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patenta. Thej were adjudicating in their own art, o&d were 
therefore to be believed. 

The only valid objection that T am aware of to such arbitra- 
tions, 18 the Hifficalty of getting the parties to consent to a proper 
reference. The ca^ of Wheeler v. Turner was the unusual one of 
both parties requiring merely a settlement of their just claims* If, 
'however, a f*^w reasonable partiea wouhl set the example, and the 
eaaes ao tried were fully reported, patentees would probably l»o 
led to realine the advantages of such a mode of trial, not ouly in 
point of economy, but also in point of clearueea and intelligibility 
'm the aettleraeut of rights. Theu the courts of law might iu 
time be brought to see the advantage of referring questions 
on specificatious to arbitratoi-a properly chosen, whose interpreta- 
tion of the docament they might accept as the basis of their 
own determination of legal rights between parties. In tbia 
way it might be possible to arrive at the oest form for a 
permanent special court. It is time, Jiowever, that my remarks 
should be bronght to a close, althongh many points have been 
neoessarily omitted, and others treated too' briefly to convey 
an adequate itiea of my meaning tu persons who have not 
given much time to the consideration of the subject. Still, I 
trust enough has been said to form a basis for useful discus- 
sion; I will, therefore, in conclusion, shortly recapitulate the 
several points submitted. 

The amount of property invested in patents, of which there 
are at this time about twelve thousand in force, surely entities 
it to be rescued from its present state of insecurity, arising 
from the defects in patent tribunals, not only confessed but 
frequently dwelt upon by the judf^es, who, e\adently feel that 
patents bave outgrown the capabilities of the present system 
of trying them. They are, confessedly, too special to be 
properly dealt with by the ordinary legal machinery, Mr. 
Grove, as a lawyer, eminent in science, and in the knowledge 
of patents, sees ao many defect?* in the present system, that he 
strongly rec^jmmends the e.«^t;ihliahn;ent of a special court for 
trying patent can.ses, the judges of which by confining their 
attention to patent cases wouKl acquire power to deiil with 
them effectually. But theu, his suggestion is clogged with 
what appears to me an impracticability in one of itn branches, that 
which refers to the preliminary investigation of inventions, for 
the purpose of determining whether or not they are worthy 
of patents, and if so in what proportions their merits are to be 
acknowledged in the length of the term of patent right allowed* 
In all but this feature I think Mr. Grove's suggestion valuable, 
especially in his consolidation of legal authority. Stili, I think^ 
the precise form of the court may be varied, ao long as it possesses 
the means of readily and accurately interpreting speoicationa. 
Hence it seems advisable to try a simple form of arbitration like 
that descrihe<l, as an experiment, with a view of determining what 
would be the best mode of securing a ready interpretation of 
spec iticat tons and settlement of rights, in order that eventually 
powers might be given to enforce acquiescence in a reference to arbi- 
trators or to a special court from the courts of law. I will only add 
that, as a patent agent, I have naturally felt a desire to do all in 
my power towards finding a remedy for "the acknowledged defects 
in the administration of patents, which desii^ is equally felt by 
other members of my profession, who with myself hold it to be a 
duty incumbent ufxtn us to seek to place patent law on as efScient 
ttnd permanent a footing aa possible. 



On tfte Appiimtmi of Work^thop Totjk to the Comi ruction of Steam 
Engineit and other MacfUnery. By J. BoBiNaoM. 

In treating the subject of workshop tools, or, aa they have been 
less teehnicjdly described, " machines for making machines,^' it 
hod been first Intended to trace in a brief manner the history and 
progress of these machines from an early date to the present time; 
out it was subsequently decided to limit the scope of this paper 
to a recent period, during which, the rapid progress made in the 
adaptation of stenm-engines and machinery to the purposes of 
locomotion and almost every bninch of manufacture and agri- 
culture has atimubted the energies of mechanical minds to dis- 
cover and apply the means, not only of keeping pace with the con- 
stantly increasing demands made upon them, l)Ut also of treating 
in a commercially remunerative manner tlie ponderous masses 
of metal required for our stenni marine, and other cognate 
branches; while they have at the same time been obliged carefully 
to keep in view the best mode of obtunlug the accuracy needed 



In the application of constrnctivo machinery to those minute 
details which have been until lately attempted only by mitnwAl 
labour. 

LATHES, 

The best known and most commonly received constmctiTe 
machine, is the "lathe" or " turning bench," embracing as we" 
the tiny foot-latlie as the massive machine required for tuniin_ 
our brge marine erauks, and the centres of our paddle- wheels 
and railway turntables. Since the invention of the slide motion 
these machines have gone on rapidly increasing iu accuracy < 
Qonstmction, as well as in general dimensions; and the time : 
easUv recalled when, in our machine ihclories, the heds or benche 
employed for hand turning-lathes (t.e. where the steam-en ^n« 
turned the machine^ but the hand of the workman fashioned thf 
object revolving in it) were simple beams of timber foced with 
sheet-iron, and supported on cast-iron feet or wooden packing 
blocks. These are almost universally soperaeded by cast-iron bedi 
planed by machine, and a<ljusted by the file; and iu all well- 
furnished workshops compound slide rests are now rj ' M, ^ 
at leagt, wherever the kthe is geared with sufficient 
permit their use, and the self^cting principle is advan^.^^^^Mc../J 
and simply applie<] to them by me^ms of an eccentric ^ed npoR 
the revolving lathe spiudh:«, which actuates a plain lever, ani, 
draws down a chain passing over pulleys attached to any cou-* 
venient place overhe-ad» descending to a ratchet wheel ui>on th#l 
slide rest sciijw, which receives an impulse at each revolution ofl 
the lathe, and the tool is thus made to pass over the surfaoal 
of the work. A modification of the ordinary compound slide resi^ J 
is frequently employed for turning spherical work, whethe 
externally or int^imally; the rest for this purpose being forine 
by the addition to the top slide of a circular worm table actuate 
by a corresponding worm worked by the hand of tht? 
Besides this simple application of the slide rest prin 
number of self-acting slide lathes is rapidly increasing; m irjit 
the tool travels unaided by the workman, not only along tbi 
cylindrical surfaces of objected, but also transversely to the axis of^ 
the work, thus frequently permitting one workman to employ two 
or more lathes at the same time. Another means of increasing 
the production of work from these machines is that of uaix 
several cutting tools in one lathe at the same moment. This 
done in the "duplex'^ arrangement, by which one tool is made I 
cut upwartls in the ordinary way at one side of the object, while ill 
second tool phiced opposite 1^ it is taking another cut downwards, 
the cutting edge of the tool being reversed accordingly. This 
operation, whether efiected in a slide lathe or in a compound rest 
lathe, will be readily understood to bo a means of saving time, 
and thereby of decreasing the cost of the several parts of machine 
cayiablo of being so operated upon. It may be interesting to statttl 
that this multiplication of tlie number of cutting tools iu one 
lathe has been carried to the extent of *eten, all of which are 
controlled by one workman; three of them being placed on the j 
side of the bed next to him, and four on the opposit-e side, ; '* 
worked by self-acting motions, and tlius giving the operator timal 
to watch the action of each. This lathe has been oonstrnciedj 
cluefly for the purpose of turning cranked axles for locomotivij 
and other engines, and when so employed, the three tools on thQj 
side next the workman are brought to bear longitudinally upon tht 
cylindiical parts of the axle, while the four opposite tools, the" 
cutting edges downwards, are made to act transversely ijpon eacli 
of the sides of the two crank sweeps, — the time for efiecting tho] 
whole opei-ution of turning the axle being thus reduced to a mini^ 
mum, A very frequent application of the self-acting compouu 
slide rest is to double face-plate lathes employed for turning 
the rima and tires of locomotive wheels; many of these "whe 
lathes" are constructed with four such slide reiits (i.e. two 
esch face plate), one of them holding the downward, and th 
other the upward cutting tool, and placed of course at opposit 
sides of the objects being turned, the two faces of the rims or tir 
of the wheels, and two of their sides, being thus operatetl upon ; 
the same time. Another form of lathe now in frequent use is tin 
gap or break bed-lathe, which permits of an object being turno 
m it larger in diameter than that which the actual height of t*^ 
centres above the ordinary surface of the bed would take tu 
These gap lathes are of two kinds, one being made with a fixo 
gap always existing, and without the means of closing b 
up the bed to the headstock, and the other has the fixed i 
placed on the bolster, bolted to a long plane<l base plat<_% . u ,. Ll 
the bed carrying the movable headstock and slide real oaii bel 
shifted at pleasure, so as either to be in contact with the £xcd 
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beadstock, or at such a ilistance from it as t>ie object of large 
diameter may require. The last class of ktlii? to which it is 
intended to re»fer is the screw cutting lathe, which is a modificn- 
tiou of the slitliug lathe, and has the slidiog tool carriage put in 
motion by weaus of nn accurately cut guide-screw and nut, the 
number of revolutioua of which, in proportion to the speed of the 
headstock required to give the various pitches of screws, is 
regulated by the application of change and intermediate toothed- 
wheels, placed at the end of the lathe, and capable of giving to 
the sliding carriage any required range of motion suited to the 
pitch of screw desired. Otljer lathes for special purposes — such 
as gun boring, propeller turning, and lathes witn reciprocating 
motion to face plate — would require a larger space for their 
description than the limits of this paper would allow. Before 
leaving the subject of lathes, it may not be considered out of 
place to call to mind that the use of these now accurately con- 
stnicted machines will fail of producing correspondingly accurate 
resnltS) tin less the workman be provided with the means of 
testing the exactness of his diameters (whether external or 
internal), the taper of his cones, the correctness of his curves, and 
the parallelism of his cylindrical objects, which ca-nnot be done 
without the use of carefully-constructed standard gauges and 
templat'Cs; and these are now preserved from a too-mpid deteriora- 
tion by the hanlening process which their surfaces, whether of iron 
or steel, undergo. 

rLAIJ-TTTO MACHINES. 

The form of our earlier planing machines, like that of the 
older lather, was very simple, altliough the invention tcxjk place 
at a much later period; but no long time elapsed before self- 
acting movements were applied to every requii'ed change of 
direction of the cutting tool over the surfaces to be planed, 
whether these were horizontal, vertical, or at any angle what- 
ever to the plane of the tible. The use of the rnck and pinion, 
and also of the screw and nut for mo\iug the table, soon suc- 
ceeded the original chain motion, the latter especially being 
employed in those machines where the cutting edge of the tool 
is reversed at each change of direction of the Uihle, so as to 
cut in either the backwani or forward movements, the speed of 
the table in both being the same wherever this system of re- 
volving tool is made use of; whilst, in the case of most machines 
with tool-boxes arranged for cutting in one direction only, the 
table is matle to return at a speed considerably greater than during 
the operation of cutting. As in the case of lathes, so with these 
machines — the pressure of work to be produced in a given time 
led to the adoption of several tools cutting at the same moment, 
and this has now been carried to the extent of employing eight 
cutting tools at work simultaneoualy upon one machine, the 
power of moving the table being of course increased in proper^ 
tion; and, in most well-fitted workshops, planing machines may 
be found having two, four, and even six tools, at work upon them. 
Many years ago large planing machines were constructed with 
the view of operating upon fixed objects of great weight by means 
of travelling tools, since in this case the weight of the tool-slide 
and its fittings was in most instances considerably less than that 
of the object to be planed: but this arrangement of machines 
aeems not to have obtained to any extent, most of the large 
masses involved in the ponderous machinery of the present day 
being planed on ordinary machines of large size— either by tra- 
versing them on the table in the usual way, or by placing them 
naitr the side of the machine, and planing them by means of a 
cutting tool fixed on a standard and slide travelling with the 
table, and having a self-acting feed motion imparted to it at each 
return of the table. This mode of dealing witn them is rendered 
almost imperative by the unwieldy size and fonn of the larger 
castings now employed for constructive purposes. An interestiog 
adaptation to the ordinary planing maobine has been made, by 
the addition to it of a radial arm working upon a pivot fijted 
vertically on a bracket extending some distance from the side of 
the macuiue, and made to reciprocate by a pin inserted in the 
ordinary table, on which is fixed a blodc capable of adjusting 
itself in a groove of the arm prepared to receive it; by this ar- 
rangement objects fixed upon the extended surface of the radial 
arm or quadrant receive a curvilinear moUon when the table of 
the machine travels backward and forward; and when the fixed 
tool of tlio cross slide is brought to bear upon the work, the 
catting lines form arcs of circles corresponding with the length 
of their radii, measured from the projected centre, which latter 
being adjustable as to its distance from the oentre of the table 
gives great facility for producing a considemble nuige of curvea. 



This apparatus has been used chiefly for the expansion Links or 
quadrants working the slide valves of locomotive engines and for 
objects of analogous form. It will bo well perhaps here to refer to 
an arrangement of machine invented a considerable time ago in 
this country, and recently reproduced in the United Htates. 
This machine may be called a circular planing machine, and con- 
sists of a circular table resting upon circular groovea, and made 
to revolve horizontally by bevil geai^ing underneath a cross 
slide carried by two vertical brackets, the slide carrying the 
tool'box being moved along this cross slide by a self-acting screw 
motion, as in the ordinary rectilineal planing machine. It 
will be obvious that a piece of metal bolted ufwn the table and 
thus made to revolve with it, could have a true surface produced 
upon it, by the tool applied to it from the ci'oss slide above, just 
as would be the case if it were fixed to the face pbte of a lathe, 
with a tool traversing in front of it Such machines seem to 
be almost obsolete in this country; tlic lathe and common 
planing-machine being found to answer all necessary ends. In 
consequenGe of the extensive introduction of hardened lurfaoea 
iuto our higher class of engine work, it hm been found necessary 
to employ grinding- tables to restore these surfaces to accuracy 
when irregularities have been created, either by the process of 
dipping in the case of wrought-iron, or chilling in producing cast 
'sur&Ges, Such tables are of two forms — one, like that of an 
ordinary planing machine, the steel cutting-took being replact^d 
by revolving atones or emeiy rollerSj made to act upon the sur- 
faces of the hardened objects by lowering the tool-slide to them; 
and the other composed of a circular disk of copper or lead, in 
which grooves are cut for the reception of emery powder and oil, 
and on which, while revolving, the various objects are laid by 
skilful workmen, and the f*icea brought up to mathematical ac- 
curacy. In botb cases facilities have been obtained for the pro- 
duction in our engines of that hardness of rubbing surfjices 
which our high pressures, and the increasing weight of the moving 
parts, are rendering every day more imperative, 

DKll-LiyO MACHTNlSa 

In the process of putting together the objects which have 
undergone the operations of the Lithe and planing machinea, 
the drilling machine is brought into recpiisition to produce 
the boles necessary for the passage of the bolts, screws, and 
other means of fastening together the various parts. Since 
the invention of the primitive machines this class of tool has 
undeigone considerable change and has experienced much im- 
provement. For large holes back-geared motions are ajjplied, 
resembling in principle those of a lathe headstock; and in 
these larger classes of drill the tool is usually moved down to 
the work by means of a worm or other such-like gearings 
whether worked by the baud of the operator or kept in motion 
by the machine itself. A now increasingly -frequent form of 
machine is the radial drUl, which iLsually consists of a drilling 
spindle mounted upon an arm, mdiating like the jib of a crane 
fi-om a central pivot, the length of the arc described by the 
drill being variable by a screw, or rack and pinion movement, 
attached to the arm, and the elevation of the machine from 
the floor being efiected by similar apparatus. Some of these 
machines are attached to independent cast-iron columns or 
frames to which the pivoting brackets are fixed, while in 
others these brackets are simply bolted against the walls of 
the workshop, and thus a much cheaper and lighter machine 
is obtained. These radial machines are found particularly 
applicable where a great number of holes have to be drilled 
in large objects, ainoe the drill can be brought to bear on sny 
point, embraced in one direction by a considerable por- 
tion of the radius of the arm of the machine, and by the arc 
described by the radiating motion in the other — and thus, not 
only does it become unnecessary to move the object every 
time an additional hole is drilled, but the sucoessiTe holes are 
produced exactly time with each other, and vertic^ to the 
face of the object operated upon. For special uses 
drilling machines have been constructed on the planing^ 
machine type, having several drilling spindles revolving upon 
a cross slide in an analogous position to that of the cutting 
tool of a many-tooled planing machine. The objects to be 
drilled are fixed upon the table in the usual way; and where 
a number of holes are required to be drilled at regular inter* 
vals, as in the case of the roller beams of spinning machines, 
this is readily accomplished by a self-acting movement to the 
table ooming into operation immediately the drills return from 
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tbe holes, and bringing under them successively the points of 
the beams or other aimikr objects where the next row of 
holes id reqnirefl Two others forma of drilliag inachiae are those 
CMtled tli« elot drill aud the tniversirig drUllngmachiue^ — the in- 
teiition of these inachiries being tbe production of slots or 
gtoovea in objects of almost any form by a drilling, instead of a 
planing or slotting piT>ce«a. In the slot drill the article to be 
operated upon receives a self-acting reciprocjitinu by means of a 
revolviiu^ disk or other similar movement variable in its extent 
aooordiag to tbe lengtli of the groove ur slot required to be cut, the 
drill at the same time is brought down to the wuiface of the work in 
the ii3ual way, and the feed given to it at eucb reciprocation: by 
tbi8 means a groove of any ordinary depth i^ produced in pins 
or shafts of moderate dimensions. Following upon this, came 
the traversing drill, having a similar end in view, but adapted 
for larger objects* and auit^ for more accurate work. In this 
machine the drilling headstock itself ia made to travel by meivna 
of a disk movement along an accurately planed bed, the object 
to be gnx>ved or slotted being fixed upon a t^ble tirmly bolted to 
the bed. The traverse is given by a connecting rod, worked by 
a stud in an indexed groove of tbe revolving disk, and can be 
varie*! by the workman, who is guided to the length required by 
the indexed groove already mentioned. This revolving disk is 
set in motion by an elliptical spar-wheel castupon it, and worked 
by ft pinion keyed eccentrically upon its shaft, so as to accomo- 
date itself to the varying diameters of the pitch line of tbe 
elliptical wheel. The object of this arrangement is to obtain a 
more regular speed in the lateral motion ot the tool than would 
result from an ordinary circular wheel and pinion, which would 
obviously give a very rapid movement in the middle of tlie length 
of the slot, and a very slow one at the two ends, Tbe vertical 
feed motion is also self-fictiug^ and takes place during the slow- 
est portion of the traverse of the headstock, i\ e., when the pin 
Uttachini;:! the connecting rod to the disk is turning each centre; 
and liy this means great regularity and accuracy of eflfect are 
obtained, since the drill is not required to cut vertically and 
l:&teraLly at the same time. In many ca^es two headstocks and 
two tables are fitted upon one bed, so that two ends of a con- 
necting lod or other similar work can be operated upon aimul- 
taneously; and aK these drilling headstocks nave also self-acting 
irerttcal feed movements, which can be used independently of the 
traverse motion, they can be conveniently used for ordinaiy 
round boles; and where the two heads are fixed at any required 
distance a[>art upon the bed, it is evident that any number of 
holes can be drilled consecutively by them, precisely at the 
same distance from each other. This machine has al»o been 
constructed on tbe cross slide or planing machine type, In this 
arrange men t the objct.tja pass between the vertical standards or 
uprights, and the slot holes, or grooves, can be j>roduced 
tither in a line parallel with or transversely to the axis of the 
object in band, such as an engine beam, a cross -head, piston 
rod, or pump rsun of a sUitiotiary or marine engiue. Tbe use 
of this class of dillliug machine obviates the difiicult and ex- 
pensive process of making cottar and slot holes by fii-st drilJiDg 
throu^/b the object a row of cylindrical holes, and afterwards 
chipping and filing them by hand labour; besides which, more 
accurate and highly fiuished work is obtained from it, without 
any baud atijustment whatever, than is ordinarily pmcticable 
when manual labor is employed. 

BLOTTiya OR KEY-OROOVIWO IL&CHINES. 

Next in order to the drilling machine follows the slotting or 
key-grooving machine. This machine was brought into use many 
years age, and has gradually been enlarged in size and capability, 
so as to keep pace with increased dimensions and weight of the 
laassea, as well of wrought as of cast iron, now desired to be 
opera le^i upon. It-s tirat form was one which the name of key- 
grooving engine describes — viz. a machine for cutting the grooves 
lu wheel bosses or naves, to receive the keys by which they are 
fixed upon their shafts or axles; subsequently other uses wei-e 
discovered for this machine, the main fe<Lture of which is a vir- 
tually ret'iiM'Ocatiog tool, and convenient motions were added to 
the Uibles fixed u|)on tbe underpart of the framework — the 
result being an admirable machine, having self-acting circular, 
longitudinal, and transverse motions applied to the tables, by 
which means the sc(.>pe of the machine is extended to the pro- 
duction of all forms of outline to which a tool working vertically 
can be applied, the ftaiiiig or chistdliug operation being now per- 
haps more ficquently employed in th".s machine than in the first 



one of "key-grooving." A very useful modification of this ma* 
chine has been constructed, in general arrangement like the bedT 
and table of a planing machine, having two pair of uprigbta oi 
standards with cross-beams attached to them; on these anf 
worked slotting tools having a moderate length of stroke, and 
capable of receiving a transverse as well as a lon^'tudtual motion, 
80 that the twQ tools can be brought to bear upon tbe vertical sur^ 
faces of any large object fixed upon the table; and thus, at tbe aan 
time, can be pared and slotted two surfaces, whether of curved < 
rectilinear 00 Mine. The primary object of this arrangement seems 
to have been the shaping of the edges of locomotive frames, several 
of which m.ay be placed one above another on tbe table, And 
their e<lges brought simultaneously to the required form. The 
two t<^ols of the machine working at the same time expetiite the 
completion of the work in hand, and thus an economy of tim€ 
and labour results. 

Following upon tbe slotting machine, with its vertically work- 
ing to<d, comes the more recently inventeil shaping machine^ 
called by our French neighboars the " limeuse '^ or " filiofl 
machine." The t<.»ol of this macliine reciprocates horizontall^l 
and in its simplest form is often called the ** steam aiin ; " in thia 
the stroke h usually Khort, say six inches, and no quick return- 
motion is given to it; the surfaces cut by it aretlat only, and tbey 
are traversed along under the tool by a ratchet movement work- 
ing a screw, having its nut fixed in the table on which the worlU 
ia placed. The more advanced form of this machine ia that in^ 
which the work is stationary, bolted on tables fixed to tbe bed or 
frame of the machine, and the tool moved along in a travelling 
head actuated by a ratchet motion and screw, in a somewhat 
similar way to that of the table of the steam arm. This mode of 
operation gives facilities for cutting larger objects with n --^^ 
extended surfaces, and at tlie siimo time permits of curvil i 
and cylindrical surfaces being produced — the formerby aseetot ^^^. 
worm motion on tbe tool box itself, giviug the tool a^ radial 
action; and the latter by fixing the cyliudrically shaped object on 
a revolving mandrill made to rotate by a self-acting worm and 
worm-wheel motion attached to the bed of the machine, the tool 
in thia case merely reciprocating in the same line without having 
traverse motion imparted to it, the rotation of the work itself 
bringing the successive parts of its surface under the cutting 
edge. Various art^angements have been applied to this machine 
to render the speed of the tool greater on i etuming from thati 
when making the cut — one by means of a crank arm fixed np<m a 
spur wheel, the point of connection with the reciprocating arm 
being variable within the limits of the ec<?entricity of the cnuik 
arm, which produces a corresponding increase of speed in the 
return motion. Another and very simple method is the applica- 
tion of a slotted link radinling from a fixed |>oint and giving 
motion to the cutting arm at the other extremity. A block ia 
made to slide in this aim worked by a pin projected from a disk to 
which motion is given by ordinary spur gearing; the greater 
the amount of the eccentricity of this pin the longer is the stroke 
of the arm and cutting tool, and the greater tbe difference between 
the cutting and returning speed imparted to it. The length of 
stroke applied to these machines is ever increasing, and many 
are now fitted up with two or more cutting heads upon one bed, 
80 as to give greater facilities to the workman, and to enable him 
to attend to more than one cutting tool at the same time. The 
last form of shaping machine to which it is intended to direct 
attention is that used for the purpose of shaping the sides of nuts, 
and the heads of screws. These machines have been usually made 
with revolving cutters: two of them are fixed upon one revolving 
spindle, both toothed on the disk faces and placed at that distance 
as under which allows the exact finished dimension of the nut or 
screw head to |>as8 between them. A series of nuts, varying in 
number according to their size, is then placed upon a long man- 
drill, fixed by jaws and a centre point to the dividing plata of 
the travelling slide, and so atijusted as to be embraced between 
the revolving cutters, which as they progress finish at once to the 
required dimensions two npfH>site sides of the range of nuts; all 
the spring and jar incidental to a one-sided cut being removed by 
the resistance afforded by the ofjcration of the second cutting 
face. Such machines are readily applied to a variety of otber 
purposes, such as grooving screwing t^ips, cuttinc out forked join V*" 
getting up the narrow edges of such joints, and a hiri^e claaa 
work of a similar character; the foi-m, dinmeter, and speed 
the circular revolving cutters being varied to produce the rcsulf 
desired. A machine of a somewhat aoalogous character is tl* 
wheel cutting machine, constructed for the purpose of cut- 
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ting tbo teeth of wooden or iron wheel patterns or model«— 
whether these are of the ordinary spur form, or for bevil, mitre, 
or worm whe^els. In the earlier machines, the wooden or iron 
pjittem required to he cut is placed upon a horizoutal spindle, 
under or at one aide of which the heatlstock and its revolving 
tool is fixed upon a slide of sufficient length to travel across the 
toothed face of the pattern. Some of the more recent machines 
have been made to cut the pattern and other wheels while fixed 
in a vertical position; and as in much of the spinning machinery 
now in use, wrought-iron toothed wheels are employed, it was 
needful to produce more simple apparatus for cutting them — 
amount of production in this case being a greater desideratum 
than great exactness of form and finish. The production of the 
revolving cuttera employed in these machines at a cheaper rate 
than was possible by hand turuing and shaping, has been 
accomplished by the invention of the pentagraph cutting machine^ 
in which, after the tumiug process, the serration or t*:>othing of 
the cutter disk is effected by small revolving cutters actuated on 
the peutagraph principle of adjustable proportionate arms, setting 
oat the proper cur\^es, and keeping the cutter to its work with 
the most miuute accuracy : without this, it is obvious that these 
cutters would be most costly— and even now, with all moiiern 
appliances for their production, the value of each in proportion to 
its size is still conrnderable. 

BOLT AITD KUT SCRBWtKO MACITTNE. 

A machine which has made rapid progress of late years is that 
uaed for cutting the threads of bolts, screws, and outs. OnginaDy 
of simple form and rude confltraction, the results obtained fxQio. 
its use were of a similar character — indeed, in moiiit cases, stocks 
and dies with their corresponding taps, all worked by hand, were 
the sole means within reach of the mechauicfor the production of 
the bolts aud nuts he reouired. Many forms and arrangements 
of machine are now uaed for bolt and nut cutting, most of them 
oonsistiug of a revolving bead, somewhat like a lathe headstock 
fitted with cone apeed-pulleya to vary the number of revolutions 
according to the diameter of bolt or nut to be cut. The cutting 
dies &ro fixed in a box attached to this head, and the bolt is 
inserted into a sliding standard travelling upon the bed iu front 
of the head containing the dies. In most cases the process of 
passing through the dies is repeated twice, and even three tiuiea 
fui larger boUs, until the requisite size and quality of thread are 
obtained. When nuts are required to be cut, they are usually 
fixed in the sliding standard, the tap being inserted in the re- 
volving head; the standard containing the nuts is then forced up 
to the tap which enters the hole of the nat-formed taper for the 
purpose, and by the process of passing through it a proper thread 
19 produced. Recently a very ingenious bolt an^l nut cutting ma* 
chine has been introtluced from the United States, in which the 
cutting dies consist of three separate tools, arranged concentrically 
in the die box, and kept up to their work by curved inclines fixed 
upon the die-holdiog box; the plate forming the front cover of 
this box has fixed upon it three curved inclines corresponding with 
those of the die box, the die pieces are notched so as to fit upon 
t'lese inclines, and by these notches the dies are drawn back when 
the bolt is screwed, so as to permit it to be withdrawn from the 
dies. This internal portion of the box holding the dies is capable 
of being worked backward and forward by the gearing of the ma- 
chine itself; this backward and forward movement is produced by 
employing spur wheels of different diameters keyed upon hollow 
ahafta, one driving the die box when cutting, and the other thrown 
into gear by a lever and friction clutch-box; the speed being such 
as to o\ er-run the die box, and thus cause the carved wedges to 
withdraw the die pieces to their widest extent by means of the 
notches befoi-e mentioned; when the lever is released the smaller 
wheel is thrown out of gear, and the dies resume their cutting 
positioti. This machine works thus: The boU is fixed into the 
sliding carriage concentrically and accurately by means of holding 
dies simultaijeooaly brought together by right and left handed 
•crews; it is then pressed mto thetlies by means of a ratchet lever 
motion, and the dies being formed like chasing tools, but with 
some taper on their cutting faces, completely turn out the thread 
from the snrfaoe, and producing at one passage of the bolt a 
perfectly finished thread; when by means of the lever and inclined 
f edges, the die pieces are at onoe opened, and the bolt can be 
(Withdrawn iuatantaneously without stopping the machine or 
reversing its motion, and thus a great economy of time is gained, 
and the work done is of suj^erior quality to that where the thread 
is compressed and drawn out by ordinary diea. Nuta are cut la 



this machine in the method above described, for the ordinary 
construction of machines, 

BTEA3C HAMltEIt AND RIVETING MACHINES. 

It will be sufficient for the object of this paper to mention very 
briefly the facilities which now exist for the economical production 
of work in the forging an<l boiler-making processes, as compared 
with the state of things some twenty or thirty years ago. The 
great agent in economising labour in the forge and smithy is the 
steam-hammer, iu its variijus applications. Originally adopted by 
engineers, more perhaps for thepuipose of working up economi- 
cally the scrap wroughti-iron produced in their own establislimonts, 
it has now become the necessary adjunct of every well-mounted 
smith's shop, and numbers will be found in most of our engi- 
neering establishments — not only working up the scrap iron 
there to be obtained, but producing forgiuga of large size, and 
stam|ii ng under well-arranged dies all possible shapes of smiths' 
work, the **fins" or overplus left on which are rapidly sheared 
away by powerful shearing machines, and thus the productions 
of the steam-hammer are in many instances passed forward into 
the turuing and planing shops, without the intervention of a smith 
and his assistant hammermen. Steam-power baa been likewise 
usefully employed in smaller elaetses of machines for forging 
bolti^, rivets, and other articles of that nature, where a large 
number of objects of similar form are required. Punching and 
shearing machines of enormous power are now in constant use 
for punching pktes li inch in thickness, and shearing bars, 
plates, &c., up to 3 and even 6 inches; so that all the cutting 
processes are accomplished either by their means or the employ- 
ment of circular saws running at high velocities, and brought to 
bear upon the iron hot from the hammer, from the rolls, or from 
the smith's fire. The operations of the boiler-maker are now 
much facilitated by the employment of steam for the riveting 
process; several adaptations of the steam riveting machine have 
teen invented, all of them having some peculiar excellence. The 
work produced is of first-rate quality, tighter iu most instance* 
than where hand-labour is employed, though more careful putting 
together of the plates is rendered necessary; and of course the 
operations are much more rapid where suitable lifting cranes and 
gearing are brought into play for the easy manipulation of the 
iai^ objects to be operated upon, A riveting machine originally 
constructed to work by steam has recently been modified to suit 
the application of hydraulic power, and with results in e^^y 
respect satisfactory. 

From this rapid survey of the chief classes of tools applied to 
the constniction of steam-engines and other machinery, it will be 
B^n that the means now placed at the disposal of the mechanical 
engineer are vastly superior, both a^ to variety and excellence 
to those which were within his reach thirty years ago, when 
steam-locomotion, whether on land or in the water, made serious 
demands upon him, and its rapid advance stimulated the applica- 
tion of machinery to ail those branches of manufacturing industry 
which were ready to spring into new and vigorous life imme^ 
dbtely the steam-horse rendered possible the transport on a large 
scale of the raw produce in one direction, and the distribution 
of the manufactured article in the other. A measure of the in- 
crease of the production of machinery in this country slno© the 
year 1830, will be supplied by the consideration of one or two 
salient facts: — 

L That of the exportation of steam-engines and other machi 
nery, which has progressed at the following rate: — 

From IS31 to 1835 inclasive— total exporte ... $15,203 

laae „ i84o „ „ 2.6iiM3i* 

1841 „ 1846 „ „ 3,500,&iJ5 

184tf „ 1850 „ », 4,940,939 

1861 „ 1856 ,, „ 8,579,533 

185a „ 1860 „ ,, 17,756,130 

2. That during these thirty years the whole of our railway 
system, with its thousands of looomolivea and concurrent ma* 
chines, has been built up. 

3. That during the same period nearly all our existing steam- 
vessels, as well for commei^'ial as for governmental purpoaea^ 
have been constructed; and, 

4 Tliat our exportation of manufactured cotton, woollen, lineo^ 
and silk goods, ha« jumped from the sum of X38,000^000 ia 
1831, to the enormous sum of £132,000,000 iu 18CU, 

Without the aid, then, of ktbour-^a^ng tools, no one can suppoio 
that the immense increase in the production of machinery) indi* 



304 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



[o«ti,im 



Cftted by the foregoing facts, oould have t&ken pkoe — we must, 
on the contrary, without them have proceeded at a very much 
slower speed in every depai^tment. And wheo we consider that 
the workahop tools themselves, as well as the machinery pro- 
duced by their aid, have been the handiwork of one of the best 
remunemteil classes of our population, it may well be a<lraitted 
that not only do these tools deserve the appellation of tabotir- 
*atfing uiachinea, but also the apparently anomalous one of labour- 
making macbines; since, as in Itie cotton manufacture, so iu the 
engineering trade, the increase in the number of workmen em- 
ployed has been v^ry nearly proportionate to that of the tools 
invented for facilitating the various stages of mechanical con- 
struction: showing thus that the application of machines to any 
manufacture whatever tends not to diminish, but rapidly to in- 
crwue the number of workpeople employed in connection with it 



Freight cm affected by Differences in the Dynamic FroperHu of 
Steam Shipn. By Charles Athertoh, Chief Engineer, H.M. 
Dockyard, Woolwich, 

The national importance of steam shipping is a theme which 
demands no demonstration, and any attempt to originate, pro- 
mnlgate, and popularise inquiiy into the comparatively economic 
capabilities of the steam ship, ss devoted to the international 
conveyance and interchange of the products of nature and of 
manufacturing art, is a task which requires no laboured intro- 
duction in support of ita being favourably received for considera- 
tion by an association devoted to the advancement of science. 

The former impera on " Tonnage," *' Steam Ship Capability/* 
and '^Mercantile Steam Transport Economy," which the author 
of this further communication has been permitted to present to 
the British Association, and which appear iu the volumes of ita 
Transactions for the 3rear8 1656, 1857, and 1859, were devoted 
to an exposition of the technicalities of the subject as respect 
the mutual quantitative relations which displacement, speed, 
power, and coal hold to each other in tlie construction 
and equipment of steam ships, with a view to the realisation 
of defanile atenraing results. So far, therefore, these in- 
vestigations have hml refei-ence to the constructive equipment of 
steam ships; but the course of inquiry now submitted for oon- 
•ideration is a practical exposition of the extent to which the 
expense per ton weight of cargo conveyed is effected by the 
vjirioua conditions of siate of ship, dynamic quality of hull with 
reference to type of form, weight of hull with reference to ita 
build, the economic properties of the engines with reference to 
the consumption of the fuel and the steaming speed at which the 
aervice is required to be performed; all which circumstances 
respectively, and in their combinations, affect the economic 
capabilities of steam ships for the conveyance of mereantile cargo, 
and consequently freights charged, to an extent not publicl> known 
because hitherto not specially inquired into nor promulgated by 
the press, and which in the distinctive details above set forth do 
not appear to have been duly appreciated even by the parties 
most deeply conceme^l in the mercantile control and prosecution 
of steam ahipping affiirs. The figgregate expenses incidental to 
the prosecution of steam transport service must generally regn« 
late the average rates of freight at which goods are conveyed; 
ftad seeing to what an extent the ultimate cost of manufactured 
goods is dependent on the cost of transport, often repeated as 
u-eight charges generally are in the various stages of transition 
of material from the raw to its manufactured condition, and ita 
ultimate consumption as a manufacturetl article, it becomes 
e\ndent that this investigation especially concerns the manufac- 
turing interests of the country. Economy of price, inducing 
quantity of consumption, is the characteristic feature of the 
manufacturing enterprise of the present day; and it is the 
absolute cost of goods which affects consumption, irrespec* 
tively of the various causes in detail by which the costs may have 
been enhanced* Under these circumstances, it is I'emarkable to 
what extent the manufecturing interests, though keenly alive 
to legislative imposta, and sensitively jealous of legislative inter- 
fereoce in the control of labour as affecting the cost of manufac- 
iuT^ pass wholly unheeded deficiencies and imperfections 
in the practical control of shipping with reference to freight 
charges, though equally affecting the ultimate price of manu- 
factures. Such incongruity demonstrates the necessity for 
popular exposition and inquiry into the various circumstances 
and combinations of circumstances which directly affect the 
expenses incidental to the conveyance of merchandise by steam 



ships, and by which the rates of freight are in the aggregate 
necessarily regulated. Freight, therefore, is the text of the 
following di^ourse, to which attention is directed under the 
various aspects of steam ship construction and management by 
which freight charge is affected, and whicli may be classified 
under ten heads or sections, as follows: — 

Section A, — Feeioht, as affected by variations of the size of 
the ship by which the service is performed. 

B, — FREicnT, as affected by variations in the conatructire type 
of form of the huU* 

C. — Freight, as affected by variations in the working economy 
of the engines, with reference to the consumption of coal. 

D, — Frkioht, as affected by variations in the constmctive 
weight of the hull, with reference to its load displacement, 

E. — Freight, as affected by variations in the constructive 
type of form, combined with variations in the working economy 
of the engines. 

F. — Freight, as affected by variations in the size of ship, com- 
bined with variations in the constructive type of form, and in th© 
working economy of the engines. 

G. — Freiofit, as affected by variations of the steaming speed 
at which it is required that the service shall be performed, 

n,— FaEiGHT, as affected by variations of the size of ship, 
combined with variations of speed. 

L — Freight, as affected by variations of the speed, combixiod 
with variations of the working economy of the engines. 

K. — FuEtQHT, as affected by variations of the speed, combined 
with variations in the type of form, working economy of tho 
engines, and weight of bull. 

It will be observed that it is not proposed to determine the 
actual amount of prime cost expenses incidental to the proseca* 
tion of steam ship enterprise, by which the scale of freight 
charge may be chiefly regulated, but it is proposed to demonstrate, 
with reference to a speciBed unit of performance, the ratio or 
comparative scale of cost, in which the prime cost expenses inci- 
dental to the conveyance of cargo per ton weight of goods con- 
veyed on a given passage is {ca^teri^ paribus) affected oy each of 
the various circumstances or conditions set forth under the ten 
ditfei-ent heads above referred to. 

Thefundamental consideration on which it is proposed to base tbia 
investigation is this, that within moderate limits of variation the 
investment incidental to the fitting out of steam ships for commer- 
cial transport service is approximately proportional to the quantity 
of shipping as measured by the constructors' load displacement of 
the ships, and the amount of working power employed as measured 
by the indicated horse-power; also that the interest on investment^ 
upholding of stock, and uU other annual expenaes incidental to 
the working of steam ships, such as coals, stores, and wngee, 
harbour dues, insurauce, and pilotage, are approximately pro- 
portional to such investment ; and further, as the mercantile 
aervice of steam ships employed on a given station generallj 
requires that their passages shall be periodical, it is assumed in the 
following calculations that the number of passages made annnaJly 
by each ship is the same in all the different ves»eb aaanmed 
to be employed on the same aervice and brought into com- 
parison with each other. 

It is particularly to be observetl that these calculations and 
deductions of comparative freight charges are not of general 
application to different services, but have reference only to the 
special service which, as an example of the system of calculation 
for any service* has been adopted as the unit of perforroanee, 
namely, the performance of a ship of ^U(X) tons tiisplacement* 
employe^l on a passage of 3000 nauticid miles, and steaming at 
ten knots per hour, the coefficient of performance by the formtila 

? ^ C, being C=250, and the consumption of coal beinj^ at 

the rate of 2 lb. per indicated horse* power per hour, which data 
have been assumed as the base of the following tabular state- 
ment, the purjwrt of which is as follows: — 

Column 1.— ^Reference to divisions or sections of the subject 
under consideration. 

2 and 21— Designation of the vessela referred to in the various 
sections, 

3.— Size of the ship as determined by displacement at the 
draught to which it is intemled by the constructor that the shi|> 
shall be loaded, 

4. — Steaming speed at which the vessel ia required to perform 
the passage. 
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6. — CJoMefficent of djnuzuc porformaace of the vessel by the 

formula ^ = C, 

LH.r. 

6. — CoDsumpUoa of ooal per indicated horse-power per hour 
exprossed in Iba. 

7. — Co-efficient of dynamic duty with reference to coal conanmed 

by formula -^^ > W being the average oouaumption of ooal 

expressed in cwta. per hour. 

8, — Power required to propel the veasel at the reiquired speed 
expressed in indicated horae-fxjwer and calculated by the formula: 

indicated horse-power^ ~~c ' 

9. — ^Length of passage to be performed by the ship without re- 
coalingf expressed in nautical miles. 

10, — Weight of bull, including all equipment complete for sea 
(exclusive of engines, coa!, and cargo), taken at 40 per cent, of the 
load displrxcement 

11. — Weight of engines and boilers in working order, including 
all equipment for sea, taken at the rate of 5 cwt. per indicated 
horse-power. 

12, — Weight of coal required for the passage, calculated on the 
foregoing data. 

13. — Cargo^ as determined by the load displacement lees the 
weight of h?dl, engines, and coal 

14. — 'Investment in the hull of the ship, including rigging, fur- 
nishing, and all other equipment complete for sea, taken at £50 
per ton weight of hulL 

15« — Investment in the engines, including spare gear and all 
equipment for sea, taken at £15 per indicated horse-power. 

16. — ^Total investment iu hull and engines. 

17. — Comparative rates of freight or ratios of cost expenses per 
ton of cargO} being proportional to the investment divided by the 
tons weight of cargo convejed. 

18.- — Ratios of cost expenses per ton of cargo, with reference to 
thatincnrreil by ship A, taken a.-^ the unit of performance, and 
which is expressed by the numlier 100. 

19. — Ratios of coat expenses per ton of cargo with reference to 
the oost incurred by ship A, taken as the unit of performance, 
and which is expressed by £1 per ton, 

20. — Comparative freight on 100,000 tons of goods, assuming 
the freight by ship A to be at the rate of £l per ton of gooc£ 
conveyed. 

21. — Designations of vessels referred to iu the sectiona. 

The table (see page 307) may be interpreted as follows; — 

Section A. — Freight, aa affected {ceteris pariiw) by variations 
of the size of ship. 

By reference to the table referred to it will be observed that as 
the ship'g size (column 3) is reduced from 5000 tons diitplacemcnt 
to 4000 tons» the expenses per ton of cargo (column 17) become 
increased in the ratio of 49 to jI, that is, in the ratio of 100 to 104 
(column 18), showing an increase of 4 per cent.; or, expressed in 
money, assuming £l per ton to be the rate of freight by ship A, 
of 5000 tons displacement, the rate by ship A|, of 4000 tons dis- 
placement, will be £U 0*. lOrf., and by following the table it 
appears that the rate of freight by ship A^, of 3000 tons, will, as 
comprired with ship A, of 6000, be increased 8 per cent, amount- 
ing to £i. Is. Bd, per ton. 

The comi»firative freight charges on 100,000 tons of goods 
(column 20) by the vessel A, Aj, A^ respectively, would be 
£100,000,^104,000, and -£108,000. 

Thus, iu a merely mechanioil point of view, and irrespectively 
of various mercantile and nautic;d considerations which may limit 
the size of ships, we see the benefit of performing gooda trans]>ort 
service by Large vessels in preference to small ones, provided that 
a^Iequate cargo be alwavs obtainetl, and that no delay be thereby 
incurred. But it is to be observed that if the 5000 tons ship A, 
instead of being loaded with its full cargo of i395 tons, be loaded 
only with the quantity of cargo (1873 tons) that oould be carried 
by the 4000 tons ship, Aj, the freight expenses per ton of cargo 
would in this case be enhanced in the proportion of 63 to 49, that 
is, in the proportion 128 to 100, or 28 per cent.; or, expressed in 
money, in the proportion of £1, 4s. lOd, to i*!, the same being a 
higher rate by 24 per cent, th^n the freight charge at which tne 
4000 tons ship, Aj, would perform the service. By pursuing the 
calculations from the data adduced by the table, it will be £uiid 



that the economic advantage of the 5000 tons ship A, as compared 
with the 4000 tons ship, A^, will be entirely sacrificed if its cargo 
be reduced from 2395 tons to 2305 tons, or be only 90 tons or 3| per 
cent deficient of its full load Also, as compared with the ship 
Ag, of 3000 tons, the advantage of the fiOOO tons ship A will be 
lost if its cargo be reduced from 2395 tons to 2218, or be only 
117 tons deficient of its full load. 

Hence it appears that the superior economic capabilities of 
large ships in a mechanical point of view for the conveyance of 

foods, may in a mercantile point of view be very soon sacrificed 
y mismanagement iu assigning larger vessels for the discharge 
of mercantile service than is demanded by the trade, notwith- 
standing tho economic superiority of large ships when promptly 
and fully loaded. 

Section B.^ — Freight as efiected {cftteris paribus) by variations 
in the constructive type of form of the hull. 

Tlie relative constructive efficiency of mercantile ships In a 
purely dynamic point of view, as respects type of form (irre- 
spe(.^tively of materials and workmanship), is now generally 
recognised as being determined by their coellicients (C) of 
dynamic performance, as deduced from actual trial of the ships, 

and calculated by the following formula: f = C, which may 

bo expressed as follows:— Multiply the cube of the speed (V) 
by the cube root of the square of the displacement (DJ), and 
divide the product by the indicated horae-power; the quotient 
will be the coefficient (C) of dynamic performance. 

To enter upon the various uses to which this formula is applied 
would be irrelevant to the matter now under consideration. 
Suffice it to say that the numeral coefficient obtained aa above 
set forth affords practically a means by which the mutual relations 
of displacement, power, and speed of a steam ship of given type 
of form, and of which the coefficient is known, may {ceteris 
paribus) bededuceil,and it affords a criterion indicating, whatever 
be the siae of the ship, the constructive a^laptation of its type of 
form for mechanical propulsion, as compared with other types of 
form tested by the sime rule; the condition of the vessels as 
respectj cleanliness of immersed sur&ce, stability, and other 
essential pro j>er ties, being assumed to b© the same. And we now 
proceed to show to what extent, under given conditions, freight 
per ton of goods conveyed is effected by variations of type of 
form, as represented by variations of the coefficient of per- 
formance. 

By reference to the table (section B), it will be observed that 
as the coefficient of dynamic pei-forraance is reduced from 2oO 
to 150, the expenses become increased in the ratio of 100 to 1.12, 
or 3-2 per cent.j or assuming the freight by ship A, of which the 
coefficient of dynamic peiformance is 250, to be at the rate of ^*1 
per ton of cargo, the charge by ship Bj, of the same si ate, but of 
which the coefficient is 200, will be £1. 2#,, being an increase of 
10 per cent, and the charge by ship Bj, of the same size, but of 
which the coefficient is 150, will be^l, 6*. •'W., being an increase 
of 32 per cent, aa compared with the rate of ireight by ship A, of 
which the coefficient is 250, 

The comparative freight charges on 100,000 tons of goods by 
the vessels A, B,, B^ respectively, would be jeiOO,000, £110,000. 
and £132,000. 

Seeing, therefore, that variations of the type of form, as 
indicated by variations of the coefficient of dynamic performance, 
even within the limits of 250 and 150, which are of ordinary 
occurrence in steam shipping, affect the exjiensea incideutal lo 
the conveyance of mercantile cargo under the conditions referre<l 
to, and consequently affect the rate of freight to the extent of 
32 per cent., the coefficient of dynamic performance which a ship 
may be capable of realising, being thus (ceteris paribus) a criterion 
of the economic working of the ship with reference to power, 
becomes a highly important matter lor directorial consideration 
in the purchasing or disposal of steam ships. 

Skctiok C,^ — Freight aa oil ' ffiri^ paribtts) by variations 
in the working economy of r - with reference to coal. 

The relative working cconuuty «»i marine engines as nsspects 
the consumption of coaI per iudicnted horse-power per hifur is 
evidently an important element for consideration as atfecting 
freight: to illustrate which it has been assumed that variatjons 
in mercantile practice extend from 2 lb. per indicated hor«e- 
power per hour to 4 lb. Tlie consumption of so little as 2 IK pr 
mdicated horse-power per hour is not usually attained, but being 
now ad^tted to have oeeji achieved, and such having become a 



806 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



CMwl,lS«l 



nyitter of contract atipulatioD^ it may be looked forward to as the 
probable ftiture conaumptioD on board ship generally, although 
the ordinary consumption of existing steamers cannot at tbe 
present time be rated at less than 4 lb. per indicated horse-power 
per liour. 

By reference to the t^ble (section C), it appears that under the 
special conditions of the service under consideration (namely 
yessela of 5000 tons displacement employed on a pnasage of 3(XX) 
nautical raUes, and steaming at the speed of 10 knots an hour), 
by increasing the consumption of coal from 2 lU to 4 lb. per 
indicated horse- power per hour, the expense per ton of goods 
conveyed becomes increased in the proportion of 49 to 56, that ia 
in ihe proportion of 100 to 114, au increase of 14 p^r cent.; or 
assuming the freight by the standard ship A, consuming 2 lb. of 
coal per indicated horse-power per hour, to be at the rate of £1 
per ton of cai^o conveyed, the rate of freight by ship Cj, con- 
suming 3 lb. per indicated horae>power per hour, will be £l. 1*. 2d.f 
being an increase of 6 per cent., and tne rate of freight by ship 
C;^ coQsuming 4 lb. |>er indicated horse-power per hour, will be 
£l. 2*. lOrf,, being an increase of 14 per cent, per ton of goods 
conveyed under the conditions referred to. 

The comparative freight charges on 100,000 tons of goods by 
the vessels A, Cj, Cj, respectively, would be J100,000, .^106,000, 
and £114,000. 

Sesction D, — Freight charge as affected {cipteris paribm) by 
variations in the conatmotive weight of hull with reference to 
tbe size of the ship as determined by the load displacement. 

To illustrate this matter it baa been assumed that the weight 
^of hull, including the whole equipment complete for sea (exelu- 
^ live of endues, ooal, and cargo) may vary from 40 per cent, of the 
oad displacement to 60 per cent., under which limiUtiona, by 
reference to table (section D), it appears that under the special 
conditions of the service under consideration, by increasing the 
weight of huJl from 40 per cent, of its displacement to 60 per 
cent., and assuming the cost of the hull to be in proportion to its 
weight of materials, the expenses or freight charge per ton of 
Cfti^o conveyed become increased in the proportion of 49 to 120, 
that IB, in the proportion of 100 to -24*% being an increase of 
140 percent.; or, asHuming the freight charge by the standard 
ship A, of which the weight of bull is 40 per cent, of the 
J<^>ad displacement (2000 tons), to be at the rate of £1 per ton 
of goods conveyed, the rate of freight by ship D^, of which 
the weight of hull is 60 per cent, of the load displacement 
(2500 tons), will be £1. 10*. Id. per ton, being an increase of 
53 per cent.; and by ship D^ of which the weight of hull is 
60 per cent, of the load displacement (3000 tons), the rate of 
freight becomes £2. &*. per ton, being an increase of 145 per 
oent per ton of ^oods conveyed under the conditions referred to. 

The comparative freight charges on 100,000 tons of goods by 
the vessels A, D^, D^, respectively, would be £100,000, £153,000, 
£245,0(.K1. 

Hence, in the construction of steam ships we see the import- 
ance of quality of material and excellence of fastening as a 
means of reducing weight, and the disadvantage that attends 
heavy -built ships, such as war steamers, for discharging mercaii' 
tile service. Hence also we see the deficient steaming endurance 
of high-speed armoured ships, unless built of enormous size, as 
measured by their load displacement. 

SscTioN E. — Freight as affected (ceeteris paribus) by variations 
in the constructive type of form combined with variations in the 
working economy of the engines. 

By reference to the table (section E), it appears, under the 
special conditions of tbe service under consideration, that by an 
inferior type of form, as indicated by the coefficient of perform- 
ance being reduced from 250 to 150, combined with an inferior 
cr>nstruction of engines, as indicated by the consumption of fuel 
being increased &om 2 Jb. to 4 lb. per indicated horse-power per 
hour, thereby redueing the coefficient of dynamic duty (column 7) 
from 14,000 to 4200, the expense of freight charge per ton of 
-w,fit>od« conveyed becomes increased in the ratio of 100 to 179, 
Ifceing an increase of 79 per cent.; or, assuming the freight charge 
fcby the sUiudard ship A, of which the ooeflicieut of performance is 
25(>, and rate of consumption 2 lb. per indicated horae-power per 
Lour (giving a coefficient of dynamic duty 14,0<X)X to be at the 
rate of £1 per ton of goods conveyed, the rate of freight by ship 
El, of which the coefficient of performance is 200, and the con- 
sumption of coals 3 lb. per indicated horsc-|}Ower per hour (co- 
efficient of dynamic duty 7467), becomes £1. 4*. per ton, being an 
incr«afie of 20 per cent.; and by ship Bp of which the coefficient of 



performance is 150, and the coniumption of coal at the fate of 4 IK 
per indicated horse-power per hour (coefficient of dynamic dnty 
4200), the rate of fi-eight becomes £1. 15*. lOd, being an increase 
of 79 per cent, per ton of goods conveyed under the conditiona 
referred to. The comparative freight charges on 100,000 tons of 
goods by the vessels A, Ej, Ej, respectively, would be £100,000, 
£120,0(XJ, £179,000. 

Hence, in control of steam shipping we see the importance of 
the coefficient of dynamic duty (column 7), as indicating the eco- 
nomic efficiency of the ship in a mercantile point of view, with 
reference to the merits of her hull and engine construction, being 
made a subject of contract stipulation. 

Section F. — Freight as atfected {aEtcris paribus) by variatious 
in the size of the ahip« combined with variations in the construe^ 
tive type of form and in the working economy of the engines. 

By reference to the table (section F), it appears, under ihe 
special conditions of service under consideration, that by the 
size of the ship being reduced from 6000 tons displacement to 
3000 tons displacement, combined with an inferior type of form, 
as indicated by the coefficient of performance being reduced from 
2^0 to loO, and an inferior construction of engine, as indicated 
by the consumption of coals being increased from 2 lb. to 4 lb. 
per indicated horse-power per hour, the expense or freight 
charge per ton of goods conveyed becomes increased in the ratio 
of 49 to 113, that is, in the ratio of 100 to 230, being ^n 
increase of 130 per cent.; or, assuming the freight by the 
standard ship A of 5(KX) tons, of which the coefficient of perfonn- 
an(^ is 2^0, and the consumption of coal at the rate of 2 lb. 
per indicated horse-power per hour^ to be at the rate of £1 per 
ton of goods conveyed, the rate of freight by ship F of 4000 tona, 
of which the coefficient of performance is 200, and the consump- 
tion of coal at the rate of 3 lb. per indicated horse-pwwer per 
hour, will be £1. 5*. 2«f., being an increase of 26 per cent., and by 
ahip Fj of 30(X) tons displacement, of which the coefficient of 
performance is 150, and the consumption of coal at the rate of 
4 lb. per indicated horse-power per hour, the rate of freight 
becomes £2. 6*.» being an increase of 130 per cent per ton of 
goods conveyed under the conditiona referred to. 

The comparative freight charges on 100,000 tons of goods by 
the vessels A^ Fi, Fg, respectively, would be £100,000, £126,000, 
and £230,000. 

Section (>.— Freight as affected {ceetens paribus) by variations 
of the steaming speed at which it is required that the serrice 
shall be performed. 

It is prt^posed to illustrate this most important elemental con- 
sideration by reference to rates of speed within the range of 
present practice — namely, from 10 to 14 knots per hour. 

By reference to the Uble (section G), it appears that, under 
the special conditions of the service under considemtion, by in- 
creasing the speed fi'om 10 to 12 knots per hour, the expense or 
required rate of freight per ton of goods conveyed becomes in- 
creased in the ratio oJ 49 to 04, that is, in the ratio of 100 to 131, 
being au increase of 31 per cent.; and by increasing the speed 
from 10 to 14 knots, the expense or required rate of freight per 
ton of goods becomes increased in the ratio of 49 to 93, that is 
in the ratio of 100 to 182, being an incrpiise of 82 per cent. Hence, 
assuming the freight by the standard ship A of 5000 tons^ making 
a passage of 3000 nautical miles at 10 knots per hour, to be at 
the rate of £1 per ton weight of goods conveyed, the rate of 
freight by ship Oj, steaming at 12 icnota per hour, will be re- 
quired to be £L 6*. 2rf. per ton weight of goods conveyed; and 
the rate of freight by ship G^ steaming at 14 knots per bonr» 
will be required to be £1. 16#, bd. per ton of goods conveyed. 
The comparative freight charges on 100,000 tons of goods hy the 
vessels A, G^, G«, steaming at 10, 12, and 14 kuota per Lour, 
respectively, would be £100,000, £131,000, and £182,000. 

Hence we see how onerous are the obligations which UBoallT 
impose on mail packets a rate of speed hipher than that which 
would bo adopted for prosecuting a purely mercantile Berrice; 
and as no service can be pemianeutly and satisfactorily performed 
which does not pay, it follows that the inadequacy, if any, of % 
high-speed postal subsidy must be made up by surcharge on 
passengers and cargo, and Ib therefore, pro tunta, & tax upon 
trade, 

SExmoN H. — Freight as affected (ceBterit paribm) by vmri&tioaiB 
of the size of ships combined with variations of steaming speeds 

We will suppose the size of ships to be 5000, 40OO, and 
3000 tons diapiacemeot, and the steaming speed to be at the rate 
of 10 knots, 12 knots, and 14 knots per hour, respectively. 
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By reference* to the table (section H), it appears that, under 
the special conditions of the service under consideration, by re- 
ducing the size of the ship from 5000 to 4000 tons, and increasing 
the speed from 10 to 12 knots per hour, the expense or required 
freiffht charge becomes increased in the ratio of 49 to 66, that is, 
in the ratio of 100 to 134, or 34 per cent.; and by reducing the 
size of ship from 5000 to 3000 tons, and increasing the speed 
from 10 knots to 14 knots, the required freight charge becomes 
increased in the ratio of 49 to 119, that is, in the ratio of 
100 to 243, being an increase of 143 per cent., or a multiple of 
2^ times nearly. Hence, assuming the rate of freight by the 
standard ship A of 5000 tons, steaming at 10 knots per hour, to 
be at £l per ton weight of goods conveyed, the required rate of 
freight by ship H., of 4000 tons, steaming at 12 knots, will be 
£l, 6*. lOrf.; and the required rate of fi*eight charge by ship H„ 
steaming at 14 knots per hour, will be at the rate of £2, 8s, Id, 
per ton weight of goods conveyed. 

The comparative freight charges on 100,000 tons of goods by 
the vessels A, H^, Hg, respectively, will be ;£100,000, £134,000, 
and ;£243,000. 

Section I. — Freight as affected by variations of speed com- 
bined with variations of the working economy of the engines. 

Assuming the rate of speed to be 10 knots, 12 knots, and 
14 knots, and the consumption of coal to be 2 lb., 3 lb., and 
4 lb. per indicated horse-power per hour respectively, by refe- 
rence to the table (section I.), it appears that by increasing the 
speed from 10 knots to 12 knots an hour, and the rate of con- 
sumption of coal being also increased from 2 lb. to 3 lb. per 
indicated horse-power per hour, the required freight charge be- 
comes increased in the ratio of 49 to 72, that is, in the ratio of 
100 to 147, or 47 per cent.; and by increasing the speed from 
10 knots to 14 knots per hour, and the rate of consumption of 
coal being also increased from 2 lb. to 4 lb. per indicated horse- 
power per hour, the required freight charge becomes increased 
n the ratio of 49 to 152, that is, in the ratio of 100 to 310, being 
an increase of 210 per cent., or more than trebled. Hence, 
assuming the expense or required freight charge by the standard 
ship A, steaming at 10 knots per hour, and consuming 2 lb. of 
coals per indicated horse-power per hour, to be at the rate of £\ 
per ton of goods conveyed, the required freight charge by ship I^, 
steaming at 12 knots an hour and consuming 3 lb. of coal per 
indicated horse-power per hour, will be at the rate of £\, 9*. 5rf. 
per ton of goods, and the required freight charge by ship Ij, 
steaming at 14 knots per hour, and consuming 4 lb. of coal per 
indicated horse-power per hour, will be at the rate of £3. 2*. per 
ton of goods conveyed. The comparative freight charges on 
100,000 tons of goods by the vessels A, I^, I2, respectively, would 
be ;eiOO,000, ;£147,000, and £310,000. 

Hence we see how onerous are the obligations of increased 
speed, if attempted to be performed with engines of inferior con- 
struction as respects economy of fuel. 

Section K. — Freight as affected (cateris paribus) by variations 
of the speed combined with variations in the type of form, work- 
ing economy of the engines, and weight of hull. 

The object of this section is to show the effect, even of small 
differences of practical construction, when operating collectively 
to the detriment of a ship, combined with the obligation of in- 
creased speed. 

By reference to the table (section K) it appears that under the 
special conditions of the service under consideration, by increas- 
ing the speed from 10 to 12 knots, with a ship of inferior type of 
form, as indicated by the coefficient of performance being reduced 
from 250 to 225, and of inferior engine arrangement, as indicated 
by the consumption of fuel being increased from 2 lb. to 3 lb. 
per indicated horse-power per hour, the weight of hull being also 
increased 5 per cent. — namely, from 40 per cent, to 45 per cent, 
of the constructor's load displacement; by this combination the 
expense per ton of goods conveyed becomes increased in the pro- 
portion of 49 to 102, that is in the proportion of 100 to 208, 
oeing an increase of 108 per cent., or more than doubled; or, 
assuming the freight by the standard ship A to be at the rate of 
£l per ton, the rate of freight by ship Kj, under the differences 
above referred to, becomes £2. 1*. 8d.\ and it is to be observed 
that if the speed be increased to 14 knots, whilst at the same 
time the coefficient of performance is reduced to 200, the con- 
sumption of fuel increased from 2 to 4 lb. per indicated horse- 
power per hour, and the weight of the hull increased 10 per 
cent. — namely, from 40 per cent, of the load displacement to 



50 per cent.; under these conditions the entire load displacement 
of the ship E^ will be appropriated by the weight of the hull, 
engines, and coal, leaving no displacement whatever available 
for cargo; that is to say, the vessel Eg is utterly unable to per- 
form the conditions of the service as a mercantile steamer. 

The comparative freight charges on 100,000 tons of goods by 
the vessels A and K^ respectively would be £100,000 and 
£208,000. 

As respects the relation which subsists between the dynamic 
properties of vessel A, taken as the standard of comparison in 
the foregoing sections, and the dynamic properties of mercantile 
steam ships generally at the present time, it might be regarded 
as invidious to refer to and particularise the actual performances 
of vessels presently employed on commercial service, but it may 
be affirmed generally that the ocean performance of mercantile 
steam fleets does not average a coefacient of economic duty by 

the formula ^ exceeding 5600, whilst modem naval archi- 
tecture and engineering has practically shown that with certain 
types of form the coefficient of performance may be expected to 
vary from 250 to 300, and that some engines of modem con- 
struction have consumed only from 2 lb. to 2^ lb. of coal per 
indicated horse-power per hour, thus practically constituting a 

Eossible coefficient of economic duty as high as 14,000, which 
as therefore been assigned to ship A in the foregoing table, and 
whereby, under the conditions of the service referred to--viz, 
ships of 5000 tons displacement steaming at 10 knots per 
hour on a passage of 3000 miles, the conveyance of goods per ton 
weight may be expected to be performed at fully 30 per cent leaa 
cost than would be necessarily incurred under the same circom- 
stances by vessels of the same size, but of which the coefficient 
of economic duty does not exceed 5600; and this comparative 
difference would be greatly exceeded if the size of ships be 
reduced, the length of passage increased, or the speed accelerated. 
From the foregoing statements it appears that public interests 
in the great matter of Freight demand that steam ships only of 
the most effective construction, as respects hull and engines, be 
employed on mercantile service. Bad types of hull and wasteful 
engines necessarily, as we have seen, enhance freight, increase 
the cost of production, and consequently curtail consumption, 
thus constituting a blight on national industry. A check on 
these evils, highly conducive to the gradual reduction of freight 
expenses by steam ships, would at once be instituted by 
msiking it a matter of contract stipulation, that a definite coefii- 

cient of Dynamic duty by the formula .^ ■ should be realised 

on test trial of the ship, at the builder's load displacement and 
steaming at the stipulated speed. Unquestionably for years past, 
in our popular marme engineering, prejudice and expediency have 
retarded progress ; marine engineering practice has not duly 
availed itself of the established truths and science of the times. 
Expansion, superheating, and surface condensation, now being 
reanimated as the basis of modem improvements, are but the 
legacies of a by-cone age hitherto neglected. 

It is only by directing public, opinion to bear on such subjects 
of general interest, that any prevalent evil can be corrected ; and 
surely an appeal on the important subject of Freight, as afiected 
by d^erences in the dynamic properties of steam ships, cannot 
be more appropriately made to any public body than to Uie 
British Association, under the presidency of a man espedally 
distinguished and honoured in the path of practical science, and 
assembled at Manchester, the birthplace of free trade, ana the 
manu&cturing capital of the world. 



On Fire and Railway Alarms. By C. W. Sieicbks. 

In the years 1849 and 1850 the firm of Siemens and Halske 
applied electricity to the two important purposes of giving im-» 
mediate information of the locality where a fire breaks out^ and 
of announcing the progress of every railway train from station to 
station, so as to be known by everv engine-driver, pointsman, 
and platelayer along the section of the line where the train is to 
pass. Both these systems have now stood the test of nearly 
twelve years* tri^ on a very extensive scale, but havinff noTer 
been brought prominently before the British public, the& appli- 
cation has remained confined to Germany, and other oontl- 
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_iital countnea. The calamities caused lately, both by the 
several extensive ootiflagratiotis aod railway coUiaiona, render 
this perhaps the moat favorable opportuuity ci bringing the 
Bubject forward. 

The Fire Alarm Telegraph waa firat established at Berlin, in 
184y, but has since been adopted in other cities.. The city ia 
divided into a uiimber ol* fire uiatricts, coniprisiug each a suitable 
namber of alarm and en^ne stations, connected by underground 
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This system has not been known to fail since its introduction, 
and it is certainly a remarkable fact, that there has been no great 
&re at Berlin ever since its introduction; five minutes being 
generally sufficient to bring the first engine to the scene of actiau 
after the alarm is given. 

The Railway Alarms which are at present in general use in 
Germany, consist of one or two cast-iron bells placed on the top 
of thu jsigualman's hut or elsewhere along the line, at intervals from 
a ijuarter to half a mile, all of wiiich are connected by a single 
line-wire between stiition and station. At each station a battery, 
or more recently a powerful multiple magneto-electric apparatus, 
IB placed, and in turning the handle of thiis machine, a series of 
powerful currents is seut through the line-wire, which releases 
the clockworks of all the alarms between the two stations. Their 
bells will then give the signal all along this section that a train 
has just left the st^ilion, and continue to sound for a sufficient 
length of time to be distinctly heard at every point of the line, 
iucludlng the ncit station. A difference is made between the up 
and down trains; in aunouncing the one by giving the signal only 
once, and the other by ref»eating it after a short interval. 

By placing in the circuit at each of the stations one of Siemens 
and Halske's magneto-electric dial apparatus, and connecting 
the line-wire at each of the alarm stations by an iron bar, capable 

Fta 8. 



line-wire. Each district forms an independent circuit, and is 
distiuguished by a letter of the alphabet, while the single sta- 
tions in the same are marked by consecutive numbers; the line 
wire of each cirde passes through a central station. (See Fig. L) 
Supposing a fire breaks out in district B, near station 5; 
the person who first observes it proceeds to the near station, 
(usually the post-otfico, theatre, or engine station), where an 
alarm apparatus (Fig. 2) is exposed to view. In breaking the 
^hus window of the casing, aud palling the handle A, the disk d 
IB set in motion by clockwork, aud the gjdvanic circuit in 
district B is interrupted and restored a certain number of times, 
and a bell placed in the alarm case at each engine station of the 
district is sounded correspondingly. After a sliort pause this 
signnl is repeated, by action of the clockwork, and again a third 
and fourth time, in order to give ample opportunity to the watch- 
man at the engine station to y,^ j 
notice not only the fact that 
a tire has broken out in his 
district, but also the station 
whence the alarm proceeds. 
The engines of the district 
will thereupon at once pro* 
ceod to the position indicated 
by the signal. At the central ' 
station the same acoustic sig- 
nal is received, but in addition 
to that the central station re- 
ceives unmistakable informa- 
tion of the district where the 
alarm has been given, by the 
release of a lever bearing the 
letter B, or other number de- 
noting the circuit The ohief 
superintendent stationed at 
the central station can there- 
upon communicate to and re- 
ceive information by ordinary 
Morse signals from the sUtioa 
where the alarm waa given, 
respecting the extent of the 
fire, &;c,, and, if it appears ne- 
cessary, he has it in his power 
to cammunicate the aLarm to 
as many of the other circles as 
he may find necessary, and to 
commuQicate to them particu- 
lar instructions. The whole 
system is worked by a single 
battery placed at the central station, the communications being 
mads by intermpting the metallic circuit. 



of being removed when necessary, the engine driver will be able 
to communicate with the stations from any point of the line, in 
case any accident shouhl happen to the train, simply by inserting 
the magnet electric dial instrument which he carries constantly on 
his engine, into the line in plnce of the iron bar of the nearest 
alarm nut, signalling and receiving in the usual way. This alarm 
apparatus would render accidents such as have lately happened 
nimoet impossible; and it is well known that accidents of that 
description are harrlly known in Germany, where this system 
has been geueraJlv introduced. 

Fig, ^, shows tJie general arrangements of the railway alarum. 
A. is the electro-magnct with the clockwork, genemlly protected 
by a wooden case. BE, are two bells of dilferent sounds, under an 
iron roof on the top of the the station hoose. CC, the arms 
which move the hammers DD. 
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jRecoUectiom of A. W. Fagitu By Bknjakx^ Ferret, Architect, 
F.IiLB. A. -'London: Stanford, 1861. 

A life of Welby Fiigin has oertainlv yet to be written — at leaet, 
J^garded from a professional point of view. The 'Kecollections' of 
Mr, Ferrey are without doabt valuable contribulioue to the more 
general and persoual phase of it, but they cauuot be said to aatiafy 
an inqtitrer wholly, or in the manner necessary, viewing Pugin 
as the reforming architect he claims, and which all must allow 
him to have been. Generalities or recapitulations simply of 
eveiy-day acta, however extraordinary, never do satisfy in the case 
of sneh a man: whiie panegync should be baaed upon a foundation 
laid open to the observation of all who look to see and judge 
whether such be deserved or is concluded by a practical result* 
It has been already well observed by a contemporary that Mr. 
Ferrey, desiring for Mn Pugin a rank among the most eminent 
architects of the present or former days, does not dwell upon 
one single proof of the supremacy in atone and brick which he 
aays generally was his due. There will bo few of those indeed, 
aaoDg his professional brethren moi^ particularly, who wiil 
deny to Pugin the credit justly belonging to him of being the 
strenuous and enthusiastic supporter^ both in theory and in his 
literary productions, of the true and legitimate in architecture, 
as distiuguiaheil from the common practice of his time, or who 
will fail ti:> attribute to him, as a prime mover through the influ- 
ences of his uncompromiaiuff pen and powerful pencil, a very 
large share of the good which has followed his strictures upon 
the debased and untruthful expression characteristic of the build- 
ings of his day. It is the more interesting and imperative there- 
fore on this account, if for no better or more extended a reaaoD, 
that the extent to which his theories and advocated principles 
were embodied in his material works should be shown as fiar as 
possible in any review of his life. 

The data and opportunities for arriving at any certain conclu- 
sion on this point are not to be found among Mr. Ferrey^s *Recol- 
lectious;' and this is the more to be regretted^ because Mr. Ferrey 
is an architect of repute, and should ne well qualified by the par- 
ticular direction of his ptTofeasional study and acquirements to 
discriminate and instruct in relation to the subject. It would per- 
haps be a difficult task to point out how far, clearly, the buildings 
which Pugin erected bear the impress of his mind, unfettered by 
extraneous interference and the pressure from without which it is 
the common lot of all architects to be subjected to, notwithstand- 
ing they be ever so bold in denunciation; indeed, from his own 
words it would seem as if in many cases they were not so much 
what he desired or proposed they should be, as what the restric- 
tions surrounding him necessitated (see the observations he is 
stated to have made on St. Greorge^a Church, and those at Not^ 
tingham and Kirkham); still, such a task should have been 
attempted, and particularly by an architect writing of an archi- 
tect — even if it were only for the sake of answering the reproach 
which has been levelled against him of acquiescing ^' in the 
miserable conditions of cheapness and parsimony." Instead of a 
simple list of his buildings, a critical analysis of them, with refe- 
rences to the amount of true principle exhibited in them, would 
have been of far greater value as a feature in his architectural life 
aod progress, than the record of his singularities and his rude- 
nesses, however far either of the latter may have insured his 
notoriety or originated hia ** utter contempt for efieminacy and 
dandyism" 

The same observation applies also to the account of his ma- 
Ltriraonial diaappointment, in which the **statement of facts'' 
latanda so prommently as a feature. Little general and scant pro- 
[fessional interest can possibly attach to this curious episode in 
fcpngin^s career; and, except as showing the natural enthusiasm 
■ and religious prejudice actuating all he did, can be but of little 
moment to any but hia family, and the other parties more imme- 
diately concerned. 

Again, how closely stands the relationship, agreeably to the 
old proverb, between the sublime and ridiculous, is very nn- 
^ necessarily presented in the case of the wedding card used oo 
his third and last marriage. This, and the letter of congratula- 
tioa from Lord Slirewsbury, odd no halo to the name or memory 
of Pugin, The foi-mer is puerile altogether, and the latter simply a 
kind and opportune testimony of poi'sonal consideration, giving no 
higher title to the position of the recipient, architecturally speak- 
ing, than that which his acknowledged talent had already fiixed 



npon him — a reflection borrowed from the friendly conrtesiea of 
high rank is quite unneoaesary to Fugin's professional fame. 

The absence from the 'Recollections' of the more critical re- 
view of Pugin*a productions and professional life here adv^ertad 
to, several of the notices which have appeared of Mr. Ferrey'a 
work have sought to supply, at least in some part In one of 
these — the Saturdny Remew — the reviewer, having dilated on 
his theory, says that, " as to the practice of his art we should 
judge him by his actu.al works to his disadvantage;" admitting 
however, it to be " well known, that he never had a thoroughly 
good opportunity of carrying out his own principles of design.'* 
In continuation he observes — 

** His best wcxrks, perhaps, are the church at Cheadle, which he built 
for Lfird Shrevrahory^ and the church in St. George's- fields, London, 
The former however, though a beautiful design, ii over deoormted in ptfK 
portion to its »cale; and the latter, with aeveriil grave faiilte, has osver 
been finished externally, whUe its interior has been fitted up in a wa^wqiiwp 
quite opposed to all its designer's principles of church ammgemeot. 
Both these buildings — and it is the ume with all Ida other worin — 
(ihow Pugin's chief wesknoss; lbs design is on too great a scads fior 
the actual dimensions. We oouM point to modem churdies whldiy 
though insignifioant in area^ give an effect of height and breadth which 
apprniusbes to the fiublime. This is the touchstone of the highest archi- 
t<?ctunil art: it is quite otherwise with Pugin'a churches. The acl^ial 
structures require to be magnified at least fiftv per cent, to give the 
jjroper effect to the design. As a mere architectural draughtsmaii 
Pugin wa8 uiu-ividled, but the glonoue virions which he delineated on 
paper dwiadled ijito loean proportions when they were translated into 
brick Bud mortar. No doubt thiE was owinff partly to hii peculiar tram^ 
ing afl a Bcene-painter for tlie theatres; butne never forgave the hieadLf 
criticism which poiute<l out the difference between the promise and th» 
performaooe of his de«tigtiB. Anyone may t^t for him^lf our preaeat 
orilkiian of hia style of drawing who will try with a pair of compaaMB the 
very beautiful perspoctive of the Si. GeorgeV^lda Cburcli« aa originally 
propoeed by Pugin, which adorns this volume. Allowing the modei«le 
tallnesB of 5 ft S in. for the priest at maaa, the height of the oeotnd 
boflu of the apee groiuing wiU be more than 75 ft3C!t from the raised steps 
of the altar. 8o that^ we repeat, the geniuja of Pugla will not be boAj 
judged by the actual builtlings which he haa left Ijehind—unlsB indeed 
by the uQi>retending, and therefore much more satiilaotoiy little c&nrcll, 
which he built at his own cost, adjoining hia own house, on tha W«i 
Cliff at Raraagate.'* 

There is a considerable amount of truth in these observations; 
on the other hand, as showing how commonly the restraining sub- 
jection to which we have before alluded, and which he himaelf 
directly complains was exercised in the cases mentioned^ had to be 
contended against, and how &taUy it may have been applied in 
others where favouring circurostanoes existed in less degree than 
they did in that which we shall now bring forward, an in&tanoe 
occult in connection with the alterations effected by Pugin at 
Alton Towers, Even here he had to combat for correctness and 
the proper expression of his idea, though ultimately in this case 
he met with more fortune in the way of success than it is probable 
he could on all occasions command. Writing in answer to some 
expressed wish of Lord Shrewsbury, to retain portions of the 
existing work condemned by Pugin, the latter says as follows: — 

" Hornby OasUe. 

*' M^ dear Lord Shrewsliury, — ^I cannot admit that I am to bkma 
respecdxig the design of the dining-room. Of counie, I intended to maka 
a 6ne thing, suitable to the purpose for which it h destined, and not a 
common room, fit only for an hotel. This m tlie very first room at the 
Towers that I wa« called upon to design, and it was quite natural that I 
flhould wiiih to produce something that would have a striking effect^ 
eai»ecially when ao many persons were loud in condenming the alberaticxni^ 
and declaring that the present room was far better than anything thait 



could he done: yes, indeed, on the plan proposed by your lordahip at 
preaent, I do think the present room/ar &«<ter aa regaida design; lor 1i» 
new room would be the most oommonplace apartmant that can wiqU ba 
imagined* If I am not enabled to exercise any judgment, and make uae 
of my knowledge and experience^ I am reduced to the condition of a mere 
drawing derk, to work out what I am ordered^ and thin I cannot bear; 
and, BO iar from knocking under, I reaUy must decline undertaking the 
alteration unless your lord^^hip will conncnt to Its being made worthy of 
your dignity and reaidence. It yhall never be said tlmt I have spoOt tlw 
dining-room at Alton: I would not do it for a thousand pounds. I alwaini 
opposed the window; and at one time your lordship suggested it wonM da 
for the east window of a church, to which I quite agreed, for H la a 
church window in deaign. From the first moment I spoke cf a acMea; 
and it is indiepensable to break the current of air into the room. I aawr 
profiosed anything for mere efect, 1 know my design was quite n^^ 
and agaii3 I entreat of your lordEhip to carry it out, or to leave the preaimt 
building unaltered, » . Nothing can be more dactgeroua than looking at 
prints of buildingB, or trying to imitate bits of tlmn; these apchite«t^iral 



Oct.i,ian] 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



m 



boob toe as bad m the Scnptnires in the h&nds of ProteetuJitB. I am 
very uohAppy ftboot it; ftiid aa regards the hjill, I hare judkd my colon to 
the mast. — a bay window, high open roof, lantern, two good fire-places, 
a great Bid«-boiu^. screen, minstrcl-galJeEy— oU or none. I will not Hell 
myself to do a wretched thinf . Lady Shrewibury told me, when I waa 
last At Alton, that she would rather ^ee the present room left, union the 
new one was a truly fine work; and I am sure her ladyship is right. 
Ever, dear Lend Shrewsbnrv, &c., 

A. WELDT PoGnr." 

In relatuin to this view of the matter Mr. Ferrey very pro- 
perly brings forward thia letter of PugiD, aa an metance of " the 
indepetulent mrumer in which he insisted tipou carrying out his 
owu views*' wherever |iosHil)le, and as illustration of the fond 
hope he had entertained that "in designing buildings for his 
loi-dahip he should be spiired the mortifying interference so often 
encoautereii witli public committees, and been permitted to erect 
atructiux's in every reapeet suitable to the dignity of his ein- 
ployer«^ Where he wa^ enabled to do this the results are gene- 
rally satiafactorr. The church at Cheadle is certainly one of the 
best of the worKH erected by him strictly in the way of Ins pro- 
fession, but the unpretending hospital of St. John, at Alton, 
claims an almost equal share in the list; there is also a chnrcli 
at Yarmouth hardly less deserving of attention, as exhibiting 
the old principle and character he so earnestly contended for. 
Others are more open ti> the charge just made of weakness and 
poverty in constructive fact and effect In Birmingham and 
Derby are notable examples, but these are among his first 
efforts, and may have been also affected by the causes we have 
referred to; one great and redeeming quality in all defects bow- 
ever is the reality in his work, which he ever retained and 
ibught for, and the previous general absence of which he was 
among the first to depreciate and expose* He it was, as has been 
truly observed by a late winter, who first publicly contrasted 
^Hha shams and concealmeuU of modern architecture witli the 
heartiness and sincerity of Mediaeval work;*' and showing "the 
lair outside of a modern building having no rehition to its con- 
struction, except that of a screen to hide its fault**," exhibited in 
opposition to it that " the first principle of Medioeval work wi\s to 
expose construction, and not to hide it, but to adorn it." " A 
modern building for example," in continuation the aanie writer 
observes, ** conceals it5 flying buttresses with a dead wall; an 
su3cient one exposes them, and derives a principal charm from 
these contrivances being se^n. It is the law of all the old archi- 
tecture, — ^there is nothing it fears to show, it rather invites 
inspection within and without; whereas concealment was for long 
the rule of modern British architecture — concealment of the real 
materials — concealment of the manner of coatruction." Xict us 
remember, to Pugin'a honour he adds: "that if now there seems 
to be the dawn of a better architecture, if our edifices seem to be 
more correct in taste, more genuine in material, more honest in 
construction, and more sure to last, it was he who first showed 
us that our architecture offended not only against the laws of 
beauty, but also against the laws of morality" 

No higher or more just tribute can be paid to Pugin than this, 
and it is one with which his warmest admirer should be satis- 
fied, since few will fail to indorse it as representing the true view 
and colour of his primary and dlstingnishing excellence, and as 
showing the grand point in relation to his art, to which all his 
after efforts tended, and with greater or less amount of positive 
Euocess attained to. 

With reference to the religious sentiments and prejudice of 
Pu^n in connection with his theory and inculcation, Mr. Ferrey 
deMs very fairly and truthfully. Vindicating Pugin fi^om the 
imputation of being led to his change of religion ** ifoielif by the 
love he had for the ontwani splendour of the middle ages,**^ he 
states that " this was far from being the fact^** and claims for 
him a rest for his faith ** on far higher grounds than his admira- 
tion for exterojil magnificence.'' On the other hand, speaking of 
^Contrasta/ he refers to the unquestionable unfairness of his 
selections, induced '^ by his desire to put everything connected 
with Protestantism in a bad light." " Mo<leration in most mat- 
ters," he says, " was unknown to him; and it is not likely ho 
would have practised that virtue when dealing with the system 
of the church from which he ha<I just seceded;" and he gives in 
illustration the following passage from that work, than which 
nothing, as he truly oMerves, con be more " exaggerated *' in 
character. 

** When we reflect on the horrible repairs, alteiatiuns, acid demolitions 
that have taken place in our venerablii edifices, ever directed by a tepid 
and paniiiunuouB ckrgj, bnital and }obbhig pai^hial autharities, and 



ignorant and taateleBa operati /es, I do not hesitate to say that the lover 
of ancient art has more to regret during the period the present eetabhah- 
meat hoa had the churches in possession than even during the period 
that drove the ancient churchmen from them." 

Of a parallel kind are the feelings expressed in what Mr. 
Ferrey denominates truly the " one great fallacy in the remarks 
made in hin * Contrasts/'* the object of which ts to prove "that 
no work of high art can be produced by anyone not within the 
pale of the Roman Church." "This," says Mr. Ferry, "ia the 
whole gist of Pugin's arguments." 

*' He appeara whoOy insenffible of the merit which belongs to work of 
the Claamc period, and we find not a word even in toleration of that 
great fvcho4il ni art. ConcedLng very readily the unsuitableness of the 
severe Greek and HomAn styles of architecture for giving the moat nor 
presaive chanu:U.'r to religions edifices; still the aaeertion that it is im- 
possible to tiffcct great and inaeitGrly productions unless inspired by the 
genius of the Roman Catholic Churchy i& untenable. No one denies tliat 
3ie ceremonial character of the ritual of that church, and the intensity 
of foehng generated by its doctrines and tradition«, afforded a wide scope 
far the exercise of those branches of art^ such as architecture and paint' 
ing, wliich liave flouriMheil chiefly in connection with it; nor that a revul- 
sion of feeling, not yet wholly extinct, which took place at the lieforma* 
tion, chiefly throu|^^h the fanaticisiD of the Puritans, affected moat scrioiisly 
the cultivation of fine art. Btill, to conclude that none but Romait 
Catholic arttsta can produce works of merit and feeling, even in a re- 
ligious sense, is a lamentable mistake, of which Pugin himfielf must have 
been c«mvinced before his death. Beyond all doubt a debt of gratitude 
is due to him for the renifu-ks in his *C«mtra«ts/ calling attention to the 
degrmled state of architecture; but the public faU to recogmse that ideu- 
tity iti caiiae and effect, which, in Pugin *s view, would give the monoply 
of art to the Church of Rome. The many stnictures erected by Pugin 
himaelff though ^perior to the generality of modem buildings, and ex- 
hibiting much of the architectural truthfulness for which be of intended, 
are yet far from being perfe^; on the other hand, several churches and 
8choi>ls in ci:inneot)on vrith the Anglican communion have been built stnco 
he commenoetl practice, which beyond all qucetion, both in design and 
feeling, will bear companson with anythhig execute*! by him. Nay, 
more, they may be conaiderod superior, since they manifi«t an amount 
of stuily and care in deugn which are sometimes foand wanting in 
Pugiu's best works. The very soul and expression which he claims a« 
exoluiive proarogativea of his own diurch, are present in the carefully con* 
sideied details of some of our own recentJy built churehes. But in 
justice to Pugin, it should be added that this exoeHenoe has been really 
attained throogh tlie impetus which his writings gave to the study of 
' the true principles of Gothic architecture.'* " 

The prejudices exhibited in the limited views which Mr. Ferrey 
thus remarks upon, are the disparaging features in Pugin's cVm- 
racter, the more so as he was on occtuaion quite alive to the in- 
correctness of them, as is proved by his own observation recorded 
in a Liter part of Mr. Ferrey *s work, where it is stated that 
"speaking to a friend, he observed *that the only merit he 
claimed was giving to other architects the ket/ to the use of the 
knowledge which they in theory already possessed; that since 
he opened the door other men had surpassed him in the goodness 
of their work.' " 

However fiajr, nevertheless, this perversion of his mind may 
have existed, we must not shut our eyes to his real merit in an 
artistic point of Tiew, and as the great advocate .and promoter 
of the great good that his forcible and unsparing observations 
have called forth. That we owe lai^y to him in this respect 
^ nnanimously allowed. Mr. Ferrey not more justly than pro- 
minently brings this forward, and his observations have received 
the stamp of general echo and acquiescence. One writer says: — 
"Tliat tbouL'h his works may be much open to criliciam, and 
the leading i<lea of his life be an exceedingly subordinate one in 
the life of the world, yet there can be no doubt that the strong 
earnestness of hia devotion to that one idea enabletl him to set 
his mark for ever in the history of art in England." Another 
say; — '* The merits of Pugin w^e hold to haveTieen real. If he 
was wild, he was honest. He had the true artistnaense, the tnie 
artist-eye, the true artist-hand, the true artist-heart But mental 
distemperatnre may have set in with him at an early age; and 
such fact may offer the kev to much that is violent and without 
coherence in his «»reer," It is probable that this was really the 
case; — "eager, excitable, impressionable, and impulsive,^' as a 
third writer remarks, he was just the subject to offer open ground 
to the seed of such disease, and it will be no more than due 
charity to conclude that the illiberality of doctrine he generally 
exhibited in dealing with the religious view of his art, Is owing 
to such infliction, and a consequent partial affection and abuse* 
ment of his mental powers. 

In oompletioQ ol Mr. Ferrey'a book an appendix has been 
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added, having for its bnrden the coDsideratioa of Pagin's wri tings 
and character in their Catholic aspect The arguments adduced 
in support of, and the success in relation to Ha object attained by 
the writer of this portion of the work, has been already so fally 
discoursed upon, and bo fairly disposed of, in almoat everj' notice 
which baa appeared of the book, that it is unnecessary here to 
enlarge upon it. It may be sufficient to say that they are dis- 
appointing; and, as one literary opinion gives it, seeking "to 
show that Pngin was less tolerant than his actions and wntings 
showed him to be, happily for Pumu's fanie do not prove the 
point*' argued for, Pngin wa^ doubtless sectarian in a larce 
degree — ^but his better nature was not always dormant, and Ee 
lived, it is generally admitted by those who knew him beat, to 
discover and allow the existence at last of some good from out 
of Galilee. 
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A Complete Trmiiseon Cast and Wnmghi Iron Bridge ConHrue- 
iwn. By William Humber, A. Inst. C.E., M. Inst M.E. FoHo, 
2 vols, (text and plates,) — London: Spon. 

Having briefly noticed this work in our last number, we pur- 
pose now beatowiug some further examination on the text. 

In the first or theoretical part it is evidently sought to exhaust 
the subject of the strains, sectional strength, and deflection of 
girders, and some attention is also given to the arch and the 
chain. 

On transverse strain and moment of inertia, detached and 
continuous girders, &c,, we have in these pages a pretty fair 
comp^endium of what mathematical research has effected up to the 
present time. We regret to observe some inaccuracies in. the 
printing of the algebraical portions, which a carefid revision should 
have excluded fiSm a work of such considerable pretensions, but 
otherwise, the treatment appears (on a somewat cursory inspec- 
tion) satisfactory, and in accordance with existing stanclard 
authorities. 

Following however, as he has wisely done, the beaten track in 
these investigations, the author is apparently not without sus- 
picion that a more direct method of getting at the strains caused 
by the load might be deaired, or even attempted, by some. 

" It win doubtleea be remArfced, that in tre&ting' the case of a straight 
girder generally I do not commence at the load iteelf, and immediately 
i»how itg results upon that part of the structure with which it is in contact^ 
although as ail Rtrains must pass liirough tuoh partB to the piers, it would 
Mem most natural bo to do; but on the oontnuy, I calculate the effects of 
the loads placed upon the structure, from the reaction of^ or effect pro- 
duced upon, the pdnts of support. To treat the subject in a diffei«iit 
way may or may not be possible; but I did not attempt it, feeling that 
th« introduotion of methods of reaaouing totally different to tho^ which 
have already been received would be very xindesirable in a work pre- 
tendins to a practical character, and intended for reference; but I 
notwitpstand ing thought it ecmaUy undeairable to pass unnoticed so 
important a point, wherefore X have introduced into the sixth chapter, 
which ia devoted to the oooBideration of ehearing strains, an investigation 
of the immediate rektioiiB exietmg between tjue downward pressure of 
the load on a beam, and the direct strain on the horiscyntal fibres of such 
beam; but I have there Hmited myself Uy the determination of the mixte in 
which the vertical force produoei horizontal i<!train, without at all inquiring 
Into the aumorical relations of the two forces," 

When w© turn, however, to the chapter spoken of, we find 
anything but a lucid exhibition of the manner in which the 
horizontal compressive and extensive strains are genemted. Why 
the upper part of a beam supported at l)oth ends sustains com- 
pression and the lower part oxteneion, and why these conditions 
are reversed in the case of a beam supporte^l at one end only, it 
would be difficult to gather from following Mr, number's explana- 
tion. 

'^ If the beam Wiis fixed at oue end, and free at the other, the piutioles 
in the upper partit of the scctiona would be most readily movable, and 
would, thordf ire, be separated to a greater distance than those in thts 
lower part of the beam; hence, sufqioeing them to revolve, wbUe their 
relative poeEition ia being altered, roimd an axis contained within the beam, 
the up^ter pari will be m tension and the lower in compression." 

We fail to derive any clear idea from the sentence we have just 
fjuoted. Why the upper parts should be most readily movable, 
and why their higher motility should cause them to be intension 
aUil the lower parts in compression, our author does not tell u& 

In treating of straight detached girders the following formula 
is given for the variable greatest strain under a concentrated 
movable load:— 



M: 



where / is the span, and z the distance of the load W fix^m one 
end of the girder. This of course ia correct^ which ia more thao 
can be said for the following inference: — 

*' The curve of moments for a moving load which may be calculated by 
this formula will be elliptical, * 

The formula is readily reducible to the following form:^- 

X being the distance of the load from the half-span. It is there- 
fore very obvious that the curve of moments in question is not an 
ellipae, but a parabola. 

The ** theory of arches and bowstring girders " is treated in & 
somewhat summary manner. The formulae arrived at are suf- 
ficiently clear, but applicable only to the case of a load disposed 
on a roadway above the arch rib, with spandrels effectually braccfL 
We do not find any rule specially suited to the bowstring girder 
carrying the load on a level with the tie, although the he^ing^ 
of the chapter leads us to look for it. We are inftirmed at the 
outset that " investigations into the conditions of equilibrium of 
linear arches *' are no longer regarded in the coD<*tructiou of arches 
of metaJ. Yet further on in the chapter the **line of pressures "• 
is spoken of, which is essentially a part of the theory previous! j 
said to be discarded. 

In examining the form of the line of pressure for an equally 
distributed load, the author produces a well-known and conrei^t 
result indeed, but seeks to prove it by reasoning neither cldftr 
nor convincing: — 

"Let AB, (Fig. 1.) represent the loaded roadway i>upportetl by half 
the arch, C being one abutment. Take any section a&, and make a/ equal 

to the honaoutal fitrain^ 

A __ tt C fm and a* equal to the weight 

'-^"^ between a and B or iff x 

(oB), than «B will be the 
reiultant, and the line ol 
preaaunNi will paia through 
the point t. We must 
next find in what dinectioo, 
it passcB t^ and to do this 
we wQl coniiider the load \o x («B) as concentrated at its centre of gra- 
vity c, which, if the load be uniformly diitributed, bisects a B ; then the 
proper direction for the ntrain between e and t is evidently a straight Hne, 
therefore <M is a tangent to the line of pressures at t; but because et \A~ 
eect4 aB, in c, therefore it is a tangent to a parabola, and the roquiied 
curve is a parabola/* ' 

Grievous oonfasion cbaracterisea the passage above quoted, la 
the first place, the points / and B are confounded both in the 
diagram and in the reasoning, af being taken equal to the 
horizontal strain, and ae equal to the weight, and then a B being 
called the resultant. Secondly, it is asseile^i that the line of 
pressure will pass through the point e. Now as a e is by construc- 
tion proportional to aB, it would follow (if that assertion were 
correct), that the line of pressure must be a airmghi line. Thirdly, 
it by no means follows that because ce bisects aB in c it is a 
tangent to a parabola in any sense that helpa towards the desired 
demonatration. It is indeed a tangent to an arc of a parabola 
drawn between e and B, but it will be an arc of a different para- 
bola for every successive position of e, and the point e will, as has 
been indicated, travel along a straight line in consequence of the-. 
proportion between ae and aB being constant. If the author of 
the investigation (after clearing up the confusion between of 
and aB) were to draw a line through c, paralllel to^, to intersect 
ae, he might be in a better way to arrive at a parabola for the lino 
of pressure. 

But this is assuming all the while that the horizontal strain is 
everywhere the same, We do not see, however, what right the 
investigator has to make this assumption, if he ignores the arch 
theory, or treats the rib as but the lower member of a girder of 
which the spandrel is an essential portion. 

Almost equally obscure and fntile is the following endeavour 
to investigate " the curve proper for ausUinin^ a rolling load, 
supposing the arch itself to be devoid of weight.** We ajreh 
constrained to correct some errors in the original to render It 
intelligible. 

" Let A B, (Fig. 2.) he half the length of roadway, and let a loid W 
roU from B to A When the load is at c kt cc equal that portion bocne 
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by tbe abutzaent at <i, then to End what 1b borne by tiie Bune pier ft 
loftd pftMCi each of the poLatB \ a» ate, make Ad = W, aod join 
Amrn ag, 6/ perpendi- 
culor to AM aji4 p»- 
nJld to Aci and ce, to 
meel dB in g, /» then 
V» ^t "^ ^he required 
onan^ilies. At each of 
uiaM points the direc- 
tion of the fttrain wHl be 
ci, bd, ad, neolTing ^ 
the strain in thegedireo- 

iiona, the Btraioi beootoe qp\ hp", ap"*, &c., and p't p'\ p"' are poiDts 
in the tmrre. From the ocnwferuotion in the eorre it is at onoe evident 
thai it ii elliptieal." 

Even were aU this correct, we should be at a \om to expl&iD, 
why the carve found in the maatter exemplified should be proper 
WQ sustain a rolling load. The linea erf, tS:c., in whicb the succes- 
sive strains are couceived to be tranamitted towards the abutment 
in every caae just cut the curve, and then shoot altogether below 
it. If this is what is wanted, any curve will do. But the author 
starts with a false division of bis rolling load, aocording to which, 
when the load was at the crown B, no portion whatever would be 
transmitted to the abutment: in fact, the distribution is as if B 
were the opposite abutment instead of the crown. And the curve 
giving by the construction shown in the diagram is not an ellipse 
at all, but a parabola with a horizontal axis, having its apex at d. 

An attempt to show how to lay out the curve for an arch for a 
distributed and rolling load together reprodnces with some 
variations the errors noticed in the previous processes. Here the 
rolling load is treated as transmitted exclusively to the nearer 
abutment. Just before it was considered as divided between the 
two abutments* No reason is adduced for these conflicting 
suppositions. 

Aft^r a page or two on suspension bridges, the theoretical part 
of the work concludes with a chapter on the strength of materials, 

g'ving tabulated results from the experiments of Messrs. Eaton 
CMlgKinson^ Stephenson, Napier, and others. 
We should however give an unfair impression of the theoretical 
■ectioii of Mr. Humberts book, if we confined our comment to 
those portions which have called for stricture. These are but 
blots here and there in what must as & whole be regarded as a 
valuable compilation of some sixty or seventy pages (a third of 
the entire volume) ; recording generally in an intefiicible manner 
the oommoniy received results of scientific research, VTith regard 
to the faUacies to which wo have taken exception, and whicb 
stand in very unfavourable contrast with the sound reasoning to 
be found in the rest of the section, we can only hope that 
Mr. Homber Txmy have a future opportunity of correcting them. 
We cannot now give consideration to the second and third sections 
of the text, but propose doing so in a further notice. They appear 
to cootaiu much that is instructive and interesting. 



NEW THEORY OF THE FIGURE OF THE EAUTH. 

TO TBS UrlTOl OF TBS CITJI. JI3T0rtrB|l& 4!!fD 4«C1!IT1CT'8 JOUIUT^L. 

SrR, — It would have been unreasonable to have expected that 
those whose minds have been accustomed to run in the rut 
formed by established authorities would readily accept my views 
of the action of oentrifii^ force on the earth, and I prepared the 
way for objections by publishing the adverse opinions of one of 
the most eminent mathematicians of the present day. It is 
satis&ctoty to me to find that two other objectors have expressed 
their reasons for not agreeing with me, as it affords an oppor- 
tunity for explaining more fully some points of my position, 
which it seems from their letters that I failed to make so clear as 
I should have done. 

Your correffpoudent " R* asserts that water on the surface 
of A solid sphere would flow not /otcar d>, but from the place of 
ftroogost gravitation, " exactly as it would do if its density were 
increased at that place, gravitation remaining uniform; or if a 
pressure were brougbt to Dear on it at the same place.** In the 
foregoing passage the attraction of the fluid to the earth is 
regiutled as if it were independent of, instead of being caused solely 
by, the attraction of gravitation in the mass of the globe. This 
is the error into which all who have objected to my theory have 
fallen. They confine their views to the efiTects of attraction and 
of centrifugal force on a single particle, instead of consideriDg 



their efleets on the mass of matter in the earth, though it is the 
latter which entirely governs the direction and tendency to 
motion of bodies on thesur&ce. Your correspondent considers 
that the attraction of gravitation operates in the same manner as 
pressure, but the nature and action of the two forces are very 
different. In one case a body is itself drawn to the earth by the 
attraction of gravitation, whereas in the other case it is pressed 
down by a force distinct from its own gravity. There is tho 
same distinction between the two forces as there exists between 
the attraction of a piece of iron by the inherent attraction of a 
magnet, and the pressure of a piece of lead on the snrfaoe of the 
same magnet by a spring. In the case of the magnet, the point 
of greatest attraction would be the point towards which the iron 
would be drawn; but movable particles would be propelled from 
the point of greatest pressure. 

The fallacy of your oorrespondenf s assertion that water would 
not flow towards^ but from the place of strongest gravitation on 
the surface, will be further apparent on considering the effect of 
gravitation on the surface of a soli<l spheroid at rest. I feel 
assured be will not deny, what has been demonstrated by the 
most eminent mathematicians, that the attraction of gravitation 
on the surface of a solid spheroid of homogeneous matter, at rest, 
is strongest at the shortest diameter. Neither will he deny, I 
presume, that water poured on such a spheroid would flow 
towards the points of strongest attraction. Sir John Herschel, 
when explaining the condition of attraction on the surface of a 
solid spheroid at rest observes, that water would not remain at 
other parts of the sar&oe than the poles (the shortest diameter) 
** any more than if it were thrown on the side of a hiU.'* It 
being admitted, therefore, that on a spheroid at rest particles on 
the surface would be attracted towards the shortest diameter, it 
is evident that it is not only possible that the point at which the 
attraction is strongest may be the point towards which particles on 
the surface are attracted, but that it could not be otherwise. It 
may indeed be said, that the rotation of the spheroid would pro- 
dace a difference, but the proposition of your correspondent is an 
abeolnte one, and could not be altered by change of circum- 
stances. 

The same illostration dispoaes also of the similar objec- 
tion raised by your other oorroispondent, Mr. Conder, who 
aJ^rms that "the stronger local attraction at the pole has no 
tendency to cause motion along the surface of the sphere towards 
the pole. There is no impulsion of matter from the equator; the 
impulsion is all the other way." Had he considered the cause of 
the stronger attraction at the poles he would not have made such 
assertions. It is not a ** local attraction,'' as Mr. Conder regards 
it, but it is the result Off the attractions of the particles of matter 
in all parts of the mass of the globe. If, therefore, from any 
cause, the matter near the poles becomes more attractive than the 
matter in other parts of the globe, it is contrary to reason to 
assume that the increased attractive power would produce reptil- 
sioD. Your corresjiondent " R.** has apparently been misled by 
considering what would be the effect of increaaed attraction at 
the poles on a fluid sphere, in which case his reasoning would 
ooiTectly apply, as I explained in my paper; but it is fiUladoos am 
applied to a solid sphere. 

Mr* Conder is more diffuse in his objections than your corre- 
spondent ** K.," but they seem to be principally directed against 
the '* idea " that the component matter of the earth is rendered 
lighter at the equator by the agency of centriixigal force. He 
says *'The whole argument is based upon equivocal middle 
terms. To such a fallacy the only answer iJi, to give a correct 
definition of the real meaning of the terms employed." Unfor- 
tunately, however, he omits to give that answer; and though he 
attaches so much importance to the correct application of terms, 
he is far from precise in his own use of them. He speaks of. 
"weight," "sensible weight,*' " inherent weight,*' "downward 
pressure," " vertical pressure," " gravitation towards the earth's 
centre," "passive graviution," and "downward pressure 
resulting from gravitation f' and as regards those terms I plead 
guilty to the charge of "evincing unconsciousness of the distinc- 
tions." It appears to me, indeed, that by this multiplicity of 
expressions for the same thing he misle^s himself, and may 
possibly mislead others. Since Mr. Conder has ftiiled to give the 
definition of terms which he oonsiders so aU important, I will, in 
order to avoid mistakes, explain the sense in which I understand 
the terms "weight,'* "gravity,*' and "specific gravity,** oa 
which he lays the most stress. I understand ^ceight t«> be a 
relative tenn, expressing the actual force with which a body on 
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or ndAT the surface of the earth ii drawn towards it bj the 
attraction of gravitation. The amount of the force may vary with 
the tc^mperaturef with the deosity of the surrounding medium, 
and with the position in which the body is placed. To apeak of 
tlie **inlierent weight'* of matter, therefore, seems to be as 
absurd as to speak of its inherent velocity. Gravity is the inherent 
attractive power which a body poaaeasea, independent of place or 
drcumatances; and this it is what I suppose to be intended by 
** inherent weight" Specific gramiy I unaenttaml to be the weight 
of a (riven bulk of one body compareil with the weight of an 
equal bulk of another, or the comparative weights of equal bulka 
of the ttame kind of matter under different circumstances. Thus, 
a cubic inch of lead is 11 35 times heavier than a cubic inch of 
water when they ara weighed together, and that number indicates 
the specific gravity of lead compared with water; but if the lead 
were by any change of circumstances to weigh more or less, while 
the water with which it was compared remained of the same 
density, the specific gravi^ of the metal would be changed Thus, 
for example, if a pound of lead weighed by a spring balance at 
tlie equator weighs 11*35 times more than its bulk of water, and 
when weighed again with that balance nearer the pole, the same 
niASB of lead weighs more than a pcund, the specific i^rravity of 
the lead would be increaseiJ, compared with the water at the equator, 
as well as its actual weight. In this sense Sir John Herschel 
observes, that at the equator ** the soa is lightened " by centri- 
fugal force, and that at the pedes ^' the water may be considered 
as specifically heavier," 

I do not affirm that the rotation of the globe diminishes the 
inherent gravity of the particlea of matter, but what I contend 
is, that by the rotation of the globe a mech^iuical force is Intro- 
dncoii which tends to separate them, and to counteract the 
mttraction of the particles to each other. T fear to extond thia 
reply to too great a length, otherwise it might be shown that the 
direction of the counteracting centrifugal force ia not confined 
to the plane of the ecjuator, but extends radially from each par- 
tide throughout the mass of matter in the globe; and that, by 
thus counteracting the attraction of the particles to one another, 
it in fact renders the matter near the equator specificaliy lighter, 
though the gravitntion of the particles to the sun and to other 
heavenly bcdies remains unchanged. Tlje illuetmtion of the 
spioninor top, which Mr, Conder addnces, supports my argu- 
ment iiistcjMl of contradicting it The ttip, it is true, does not 
weigh less when spinning than when at rest, because the gravity 
of the particles continues unaltered by rotation; but the attrac- 
tion of the particles among themselves is weakened by centri- 
fugal force, aad, if the rapidity of rotation were much inereased^ 
it would be altogether counteracted, and they would be torn 
asunder This weakening of the force of attraction between the 
particles of matter by the action of centrifugal force takes place 
in the mass of the earth, and the attraction of gravitation on 
the whole surface of the globe is thereby diminished- Mr. 
Conder, ludeefl, asserts that "at the pole the vertical pressure of 
gravity suflei*s no abatement f" and he says further, **the oentri- 
mgal foroe is not appreciable at the T>ole," but these assertions 
must have been made without sufficient consideration, for it 
could readily be proved that the earth's rotation about its axis 
must diminish the attraction of gravitation on att parts of its 
surface. 

Before I conclude I will adduce an additional illustration in 
support of my views of the action of centrifugal force, derived 
from the further consideration of the effect of gravitation on a 
solid spheroid brought from a state of rest into rotation about 
its shortest diameter. It being admitted that a particle free to 
move would be drawn to one of the poles of such a spheroid 
when at rest, it is evident that it would remain there until the 
spheroid hatl attdned a velocity of rotation sufficient to overcome 
tne polar attraction. Let it be assumed that that effect would be 
produced by a rate of rotation of once in twenty-three hours, 
and that at slower speeds the attraction towards the pole would 
oontiuae to be greater than to any other jiart of the surfaoe. It 
foUows^ therefore, that when rotating with the same velocity as 
the globe, viz., once in twenty-four hours, the parts of greatest 
attraction would be the poles, and that all particles on the surface 
would be attracted towards them, and not towards the equator. 
That is the position I have endeavoured to establish with re9i>ect 
to the earth, which may be considered to be in exactly similar 
circumstances to those of the assumed spheroid. 

Having, as I hope satisfactorily, answered the objections of 
your correspondents, I purpose in your next publication to 



explain the probable causes of the disturbance of the equilibrium 
which the earth must have attained when in a fluid state^ and 
to point out some of the consequences of my theory. 

Hampatead, Sept. IS, 1861. F. C. Bakewell. 



SHORT PRACTICAL RULE FOR FINDING THE AKOLE 
CONTAINED BETWEEN THE CHORD AND TAN- 
GENT OF ANY ARC 

TO TBI BOITOa or TOM CITII» tVOtflns AW9 ASCainCT^I JCMrmiTAX. 

In the accompanying diagram let the arc ABC be portion 
of a railway curve which it ia required to lay off by Mr, Rankine*a 
method; that is, by means of the angle contained between its 
chord and tangent Let AI^ the tangent we use in thia case, 
and AC = chord of arc; a = length of arc ABC, R = radius of 
curve, and ^ wangle required. We have the following propor- 

xR 
tion, ^ : 45'' : : ir : — . w = ntb of circle to diameier= 3*141 6» 

z 

from which we obtain 



90a a 



(1) 

This equation gives the value of in degrees and decimals for 
any length of ai-c, thus being of service in the finding of thft 




angle for what is known to tho«e who have used this method m 
the field as the "odd distances." 

Supposing ^ to be known (as it always is for the whole curve), 
by transposing the equation we find the following value for ik& 
length of tlie arc: — 

^ - 28^48 ^^ 

bearing in miod, tiiat in both these equations a and R most be 
in the same terms. 

By means of these two equations we obtain two very important 
data for laying out curves by this method, without requiring the 
use of tables of logarithms, or natural sines, &c,— very valuable, 
but, to say the least, very troublesome aids to calculation in the 
field. If in formula (1) we put o=l chain, and multiply the 
right-hand side of the equation by 60, we obtain for B the follow- 
ing value in minutes and decimals: — 

which is the formula given at page 275 in the last ntxmber of the 
C E, i^ A, Journal. 



Dublin, Sept, 13, 1861. 



Tbomab Cargill^ C.E. 



Ely Cathedral.— ^The reconstruction of the lantern of this cathe- 
dral, as a memorial of the late Dean Pe^MJ<»ck, is about to be 
commenced in a few days, from designs prepared by Mr. Gilbert 
Scott. The iiiteution of the friends of the kte Dean to enter on 
this work was announced some months since, but, as the estimated 
expenditure was from £6000 to JgOOO, some difficulty has been 
expierienced in providing the requisite funds* Sufficient promieea 
of support having now been obtained to justify the commence- 
ment of operations, th^ will be prosecuted twith energy. The 
new lantern, like the existing one, will be of oak cased with lead, 
but windows will be intro<luce<l harmonising better with the rest 
of the building. Mr. UEstrange, of Hunstanton, an amateur 
artist of considerable taste and skill, is proceeding with the 
painting of the ceiling of the nave, a series of gigantic medalliooa 
i-epresenting the Crefitiou, and other series fifom early Scripture 
history, being in <^urse of executioo. 
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A8HWICKE HALL. GLOUCESTERSHIBK 

(With Engraving*,) 

The handsome stmcture which ia illustrated by the accora- 
panyiog perspective view and plana, haa been recently ouraj^tjted 
lit Ashwicke, Gloucestershire, for Mr, John Orred, It is wiiolly 
bailt of at4)ne» the quoins, dressings, carvings, &c., of box stone, 
ajad the wall i tig and plain surfaces of an oolitic stonev which was 
quarried on the estate. In atlopting the castellated style of ar- 
chitecture the object of the architect was to take advantage of 
some of the broa<l and uiaaeive features of that atylei without 
attempting to make a geatleiuan*^ couutrv residence look like or 
ID any way resemble a cattle of the miiTdle agea, which in the 
nineteenth century wouKi be an absurd anomaly. The result 
has been highly succesisful, and from many parts of the park tho 
effect of the hall — especially from some of the lower purtions— 
is noble and imposing. It fornas a conspieuoua and plcivaing 
object from the old Romaa road or Foaa-way, rauniog from Bath 
to Cirencester. 

The whole of the rletails of the work have beeo carried out 
witJi the greatest care, and display a very conaiderable amount 
of taste. The carving especially is very beautifid, aud has been, 
with few exceptions, di-awn and deaiguf i by the architect him- 
self It ia chiefly amngel upon uatoral fuliage, such ns the 
oak, hawthorn, hop, vine, lily, maple^ fuschia, primrose, chry- 
Bauthemiini} and is interspersed with animals, birds, monograms, 
heraldry, &o., furnishing matters of great interest as works of 
art, and yet in perfect keeping with the architecture. 

The top of the tower is. occtipied by nn iron tnuk, containiDg 
about 9LXK> gallons of water, supplying the various parCa of the 
hou^e and offices. The tank is filled by hy<lraullc rams from 
springs which riae in the park, and the house is aurrouuded by 
bydrauU in case of fire, but which are ordinarily used for water- 
ing flowers or tu if on the terraces and gardens. The entrance 
porch isi surmounted by a hare, the crest of the proprietor, 
and over the arch of the entrance doorway is sculptured tho 
quaint iuacription^ — ^' Welcome the oomingi speed the parting 
guest,'' The entrance hall has an oak carved and panelled ceil- 
ing, with oak herring-bone flooring, and parquetry boixlera. The 
chimney-piece ia of Caen stone, elaborately carved, and of bold 
proportions, with fire-dog grate. On the frieze ia sculplui*ed 
the motto — **Fear God, and honour the queen." The prin- 
cipal staircase is of carved o^ik, with massive newels and twisted 
balusters. The doors and tittiogg of all the best rooms are 
of carved oak, with monograms and other devices; and the 
dining room has alao an elaborately carved oak ceiling, and aa 
elegant oak sideboard stiindiug in a canopied recess. The chim- 
ney-piece ia of Caen atoue, tastefully enriched with a variety of 
birds and foliage, aud bearing the inscription — ** Except the 
Lortl build the house, they labour in vain that build it." The 
cost, including conservatory, stables, lodges, ^cc, waa about 
-^20,000, 

E(ftftn€€M t4i Plan** 

QBOUND PLAN. 



Tlie architect was Mr. J, K. Colling, of London; the builder, 
Mr. George Myers, of Lambeth; and the water work was exe- 
cuted by Messrs. Eaatou, Amos, and Sous, engint?ers, of the 
Grove, bouthwark; the gardens and grounda, which have been 
moat tastefully and charmingly laid out^ have been arranged by 
Mr, Edward Milncr, landscape gaixleuer, of Sydenham, 
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THE EE-OPENING OF LICHFIELD CATHEDRAL. 

SiKCB our hwt article, in February 1860, on the works of 
restomtion and irafuxivement then in progress at Lichfiehl 
Catlieilral, the greater part of what was therein adverted to has 
bet^n succesafuily aoompliahed ; so that the intention, long 
pur])09ed, of re-opening the choir on the 22nd ult., was actually 
Idealised, nnd oeleUrated under the most auspicious circumstances. 

The chronological hiatory of the cathedral, aud its successive 
portions, Norman, EarJy English, &C., were pretty fully detailed 
in the article juat alludetl to, but it ia worth while to recur to tho 
subject, if only to note a singular coincidence or parallelism which 
ha^ bet^u detecte<l between these several atructures and corre- 
sponding onea in the Cathedral of If or k, as hi id down by Professor 
Willra, From the statements of that learned authority it appears 
that the gradual progress of Lichfield Cathedral from the original 
Norman church to its present structure, as thus deveiopeil, pro- 
ceeded in a curiously simultaneous manner with that of York* 
For instance, York had a cathedral in the Norman era (built 
about 1080), and so had Lichfield. Between ll.>4— 1181, Arch- 
bishop Eoger substituted for the original chancel at York a lon^, 
aqoare-eiided ehuir, with the ais^fe cjirried round behind the end. 
At Lichfield, during the same |jeriod, the large cha[>el was built 
at the end of the Norman apse ; and about the beginning of I ha 
13lh century the whole Norman eatitein tei mi nation was, as at 
York, I'ephiced by a long 8quare-ent!ed choir with the low aisles 
behind. Next, at Y^ork the Norman transepts wei*e rebuilt in 
Early English, between 1230 and 1260, The same occurreti at 
Lichfield, beginning, as at York, with the south transept, followed 
by the north. The Early English work ui this cathedral is shown, 
by the licences to dig stone, to have beeu in progress in 1235 ami 
1238, York nave, and abo Lichfield, were next rebuilt in Early 
Decorated ; and lastly, at Lichfield the elongation of the estate rn 
part was begun at the extreme eaat, beyond the exisiitig choir, by 
the lady-chapel, in Late Decorated (^1296—1321), aud followed by 
taking down the choir, and contiuumg the same work on its site 
westward; while the works at York ToUowed in the same order, 
but forty or fifty years later. Moreover, the plans of the two 
cathedrals rival each other iu the simplicity of their pro- 
portions. 

It is perhaps needless to ohserve, that in the hands of so con- 
aervative a church reatoi'er as Mr. Scott, the utmost vigilance haa 
beeu exercised in preserving aa far as possible all old fragmeuta, 
more especially such aa are of historical value: we allude mora 
eHpecially to the curious evidence afforded by theexamiuation of thd 
pillara and arches on each side of the choir, as illuiitrative of the 
abrupt transition of style in which our forefathei-s did not disdain 
frequently to indulge; and great praise must be accorded to those 
acting under the direction of the architect, and especially to the 
genei-al superintendent of the works, Mr. Chirk, for so skilfully 
aiding in carrying out his instructions. 

To the present Dean aud Chaper all honour must be accorded 
for their energetic and untiring labours in the prosecution of a 
scheme of such magnitude as the complete and systematic restora- 
tion of the beauteous fsbric under their charge ; nor must it be 
forgotten to acknowledge the munificent donations, and gifu* uf 
various kinds, which have poured in from different quarters, ami 
which have contributed so much towards the gratifying i-ejjult. 

It will be seen with satisfaction (aa remarked in the statement 
just issued by the Dean and Cliapter) that the liberality of th« 
diocese haa enabled the greater part of the dilapidiicod or wantonly 
destroyed itonework to be restored, — the whitewash of long 
ttandlng to be removed, — the bishop^s thrtme and stall work 
to be completed, — the pavement of the choir to be oixJeied, though 
it will not be entirely laid, — and a light open screen to be eube^ti- 
tuteil for the former separation of the ch urch into two jmrU , — hesides 
the introduction of many costly requisites, the orgiin, the font, thi* 
lettern with bible^ the Iitauy desk, lighting sUmdanlsand Oiudle- 
sticks, books of service, embroidered altar cloth, poor'a-lK^x &c., 
many of which have been the gift of individual benefactors. 
Much yet remains to be done, mud ail will be proceeded with ae 
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nl^Mlf bff'MrdniMlkiioeM 1aAifpermit:'Rild among snch mifiiiisbed 
WkbtaiMy W€teiitb«*ratM, th« i«redo9-With tlM sedilia; the fiUing 
np of the lady-chapel for an early sefvioe, in conformity with the 
praMifeHoito 6f the ancbrit oathedral statute^; niiial screens under 
tlld choir' ah;h€b tost of the stalls, bikI a k>w ortiamented grille 
(01^ Metal Mreco), simUar in cbaraoter, to' be contlnned along the 
oth^r arches, at the baok of the stalls themeelves; pulpit, and due 
supply of scats; the restoration of the windows in the eonth 
tran^t'^ aid^; the re-floonng of a lai^^ part of the area; the 
repair of the arcading in the nave; the improvement of the debased 
wiosb window; the restoration of the chapter house, and library; 
thei^^rovlsion of vestries; and by demes, perhnfM, the intro- 
daiMioti of addftional stained glass windows. 

-HfV'. 6c6tt's restoration of the stonework is in every sense a 
success. All the delicacy and ohanicteristics of the details of 
the various architectural styles, and especially the Decorated, 
which most prevails, are brought out with surprising freshness 
and force. The foliage of the capitals presents all the crinpness of 
the best-preserved originals^ wtule the mouldings of the arches 
and shafts of the clustered piers are models of symmetry. 

As an example of the conscientious adherence to authorities 
which has been displayed thonmghout, it may be i-emarked, that 
on the testimony of Dr. Stukeley, in a manuscript written in 
1715, and a copy of which is given in Shaw*s 'Staffordshire,' 
(vol. i., p. 254,) B}x figures have ' been replace^ in the " middle 
ehoir,** three on each side, and standing on corbels attached to 
the continuation of the groining - shafts which support the main 
vaulting, in a similar manner to those against thegroiuiug shafts 
at the end of the lady-chapel. StakeMys quaint record is as 
follows : — 

J\Jfi the midJld choir, upon six of the pillari. are hIz figoroa, throe of 
a B^e. The fint is ^. Peter, and at his fcot a little erase, which Bbo^'B 
Mm crucified with his head downwnrds. The wjomd is the Vii^n Mary, 
llie thirtl is Mary Magdalen, fi^re^l with the leg and part nf her thigh 
bst^, im' ati embrem m Iter wantmrnemi. On ih« othw idde in, ftnft, Rt. 
J«Ai^; weond, Si. Philip; and thinl, Ht Chrislophar, with Christ on his 
back." 

The new figures, which are excellent specimens of sculpture, 
have been produced (as was the carving genenilly) by Mr. W, 
TVf Axer, of London ; the cost being defrayed by donations given 
^Msially for the purpose. 

The whole of the wood-fittings, which have been beautifully 
executed by Mr. Evans, of Ellaatou, near Ashbourne, are of oak; they 
are of the most substiiutial character, and for the most p<irt 
elaborately moulded and carverl. The choir is arranged length- 
ways, so as to have a succession of stalls, twenty on each side, 
ranged against the line of pillars, besides two others on each 
side, placed obliquely, and against the large tower piers; the 
first on the right on entering the choir l>eing appropriated to 
the Dean, and the corresprmding stall on the left oeing allotted 
to the Precentor. In front ot tlie elbowed-stalls are placed 
the substalls, the length divided into three equal portions, which 
again have book desks, of corresponding length, in front, the two 
extreme ones beinc of oak, and the centre one (intended for the 
ehbrister boys) oroi>en brass work. In consequence of the 
d'esirablcuess of gaining the effect of the width of the choir aisles, 
as seen through the clioir arches, the stalls, which have carved 
niisereres, and are in other resfYects in conformity with ancient 
examples, will have light pierced metal-work behind, in place of 
the usual tabcrnacle-work. 

The fittings we have thus described occupy the three western- 
most of the bays which compose the choir. Beyond these east- 
ward, on the south side, is the bishop's throne, a most elaborate 
and exquisitely carved specimen of workmanship, and still further 
en are the flights of steps leading to the sacrarium, the altar 
table, and the reredos. The altar table and reredos are replaced 
in their ancient positions, at the second pier westward from the 
lady-chapel ; the table is eight feet long, of oak, and consists of 
holdly-dwrgned pillars supporting a massive top. Upon the 
design cf tlie rrreilos itself, not }et fully carried out, the utmost 
stuily \^\8 been bestowed, Vioth in regaixl to its purpose, its position 
in combination with otlioi* features, and the materials of which it 
should be composed. While fully expressing its object, the whole 
has been treated so as to protluce as light and unobstructive 
af^arnnoe as possible. AVith this aim the whole has been kept 
Iftw, and the portions north and south of the table consist of open 
a.t^»uie work, so that a perfect view of the elegant proportions of the 
a'lysiUalend of th^ oathedral, and especidly the stained glass in 
its windows, may be almost uninterruptedly obtained A 



reference to the illustration aceompaoying the aitide in our 
number for February I860, already referred to, will give a good 
idea of the reredos as being executed, bat the design of the centre 
part has been somewhat altered, as well as the nnmber of side 
arches, and the several levela The greater part of its omamentml 
decorations will be derived from arts practiaed, or materials ptro- 
cured, in the diocese. Thus, it will be eonstmctad muniy of 
alabaster, with the shafts of Derbyshire and other marbjes, ihm 
inUying and mosaics of the same, with flnor spar, encaustic tlleSy 
&a occasionally interspersed. In the open arcade another va^' 
riety of colour will be attained by means of the scroll metal- work 
which fills the lower portion. A third illustration, showing tint 
lady-chapel as seen m>m the north aisle of the choir, wu be 
fonnd in tlie number of this Journal for January last. 

The pavement throughout is of the most sumptuons deseriptios,; 
and composed of tiles made expressly for the pQr|>ose, need ie 
combination with various marbles. A portion of this paTement' 
has been liberally presented by Mr. C. M. Campbell, the nephew 
of the late Mr. Herbert Miuton. Beyond the stalls eastward, 
a space, two bays in depth, and entirely free, except that part on 
which stjinds the bishop^s throne, admits of a diff^nt treatment, 
and will, when finished, present an unique effect. This large area 
is mapped out into four squares, surrounded by mosaie ial^d 
borders, and each consisting of a omitral ^snbject," wiliU 
subordinate figures in circles at the four angles. Tliese Bnbjaots^ 
which are formed in cement let into stune, are designed by Mmtanj 
Olajrton and Bell, from a scheme prepared by the Bar. E.R Filnnan^ 
of Rugeley, who with no small skill has embodied in itoartain: 
leading events in the historr of the Diocese and Catfaednd o£ 
Lichfield, which had been placed before him. 

Metal work is extensively introduced in the cathedral restdrs-- 
tions, and the whole (with the exception of the kttem, whsoh it 

Sf Hardman), has been entrusted to the experienced hand of 
r. Skidmore, of Coventry. The three large screens and gatai 
which sever the choir from the tower and transepts are the first 
objects which meet the eye in approaching the choir anditsairiei 
from the west. The lai^ central screen completely oocapies the' 
space between the tower piers, and rises, at its summit^ t» Sk 
height of 25 feet In some respects the prominent features of the 
design remind one of that at Ely, save that the latter is prinol' 
pally of Oidc. In the centre is a lofty arch, cnsped, and hooda^ 
by a richly crocketed gable, surmounted by a cross. In the lover 
part are two handsome brass gates, designed after an andeaa 
example. The sides of the screen consist each of an aroadc^ 
springing from twisted shafts, with elegant capitals in hammered 
metal, and in the design of which conventional and natural fonns 
are altematod. Above these arches the space np to the condoa ia 
filled by large cusped circles, to the bases of which are fixed 
corbels, upon which stands a series of angels in bronze, exc||uisitd7 
modelled. Between the horizontal bars of the oomioe is intro- 
duced rich foliated scroll-work, and, above, there is a bold 
ornamental cresting continued along. The lower parta of the 
screen are treated panel-wise, and filled in with light quatrefoilfl^ 
The screens across the north and south aisles are equally marir 
torious in point of design, but, of course, less in height ud 
elaboration than the principal one. 

The choristers' desks are wholly of brass, the front htmg fiUed 
in with bold scroll foliage; the altar rail is also of brassy oonasb* 
ing merely of coupled shafts at intervals, supporting the rail, bo* 
fixed at the bottom to a continuous flat metal plate, on whish is 
chased a suitable pattern. 

The position for the organ in the new arrangement was a txnnl 
that occasioned much perplexity, but it was eventnally deter- 
mined to place it on the north side of the choir, in the bay fbrmsd 
by the junction of the transept with the choir aisle. This posi- 
tion has necessitated much oontrivance in the eonstmctioii of the 
orgim itself, which is an entirely new instrument, the muBifieeet 
donation of Mr. Spoode, who commissioned its erection at a 
cost of ;£1000. The maker is Mr. Hokiich, of the Euston-road, 
London, who has exercised much ingenuity in the arrangement 
and adjusting of the various parts under the circnmstanoea. II 
has three rows of keys, and a large independent pedal orgsn, 
the number of pipes to each respectively being 1056^ 628, 31^ 
and 311, making a total of 2507 pi pea The total nnmber of 
stops is GO. 

In one of the western arches, on the north side of the UTe» a 
costly new font has recently been placed, the gift «f the dean's 
lady* and a few friends. The desi^ was furnished by Mr. W. 
Shiter, of London. It ia of square form, with the angWs i — '~^ 
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offi aguQit which itand detached figures. There «vq fouur a«b^ 
iiMto carved in paoela on the priDctpal faoe«, refireseoting the 
Ftmge of the Bed Sea, Nonh's eotty into the Ark, the BaiptLstn 
of otir Lord, and the ResniTection. The bowl m of (JiatHk atcma, 
supported on a large central column of Irish marblei haviugf four 
smaller ones, of Languedoc, at the angka, lo other portioud 
Derbyshire marble ia iutroducetl, with ftlabaster. The whole has 
been orecnted in whnirtthle tMte by Mr. J/For«yth, o* I^widon. 

The eBtiniaied co»t of the dt&rent itemn ia ad (uIIqwmit^ 
biahop'd thnroe, / ' ' ir stilts, 8iil>«tftlla, and fiJt^ntd, £i60(Jt 
choir screen, j£n j^tet/ £160; lijjh tin ^ about ijCt^r 

peWement (I); rortu^K*, t,i j<)0\ the eut^r^ "-use wiU amount to 
•early i^l:2^U00. Nor doea this euiij he whole of whafe 

ii coQtenipiated; the chitpter-house aiiu .... i.^^e will gtlUiH^niain 
to b^ done t etilli we may hope that the zeal iia4 p^rttvomQce 
whifch have been eo far BQOoeeafiil* wU\ ultimately be rewarded 
bf >ih« Q»p]|il0be realbaiion Jbi the noble project. 

t^ 

IT 

0' 



f» gitf» the aistinal iRomeiit.of lli«in«epijrii^ 

imstancevtha half i^tertal heiing U U^^:th^ mnlU^^m^ r'l^rm^H^ 
and ieavea the figuireartjnaltered. i > ,i iTjr>qn 

r To obtain the/Hori^qntoi Xhru^t^ it m only neces^^rj W 4iwmt] 
the motoeut o£ Uie awni arah by the riiie of the Line-c*f Pjpq^^yu^} 
In Fig. 10 the riae of the .Liee pf F^ea^umui^ " iudthn) 
moment i:Hl2A, divided by the wo- 13, givef? '•r,tj>|i> 

Horistontal ThruatjM •. ■ i* i^ m ,,:■,, '-■.-r ■♦,[; ,.-.,.■... . vlni-|ij« 

We now proiieed to< give, further ex«A^pl|)a^f t)ie af^lJcof^OAii?^ 
our metJiod^ to arches of v"-=— ■ f-r-- _,„j[,^ ,_,,,- .,,( , ,, .^u-ij^r 

Fig. 21 repreaenia a I ft 4fP-/WWi ., 13^ 

half arch is divided iiiW o.^.,. ^,u„ v^., uwh aect^pn havju^g.i^ 
horizontal width of 1 ft. 4 in. The respeotive weights of the 94^ 
tiona in cwis. (iuoluding the portion c^ waU^ ^guqindf^iJ^ <^(K^) 
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JbJiOkK example of the oonatroctrve nrethod of detern^iining the 
mi^of Pr«8Bnre already ^ive a (p. 2^) will have made it enfli- 
CMolly dear that the ai mi tariff of form between tli at line and 
the Ciirve of ^tometats foinishes the keyof the whole process. 
In order that the course of reoaoatng might be the more readily 
fislioweii^ it seemed oeceasary {in Fig. 19) to draw a Curve of Mo- 
menta (urn), as well as tbo Line of Pressure (arf). 

But although necessary in order to demonstration,, the Cnrvef 
of Moments practically never nesd be drawn. This horisonial 
distances between the ordinate 1' 1", iS' 2% 3' 3% &a of the recti- 
fied Carve of M/oments on the right-haod side of the figure are 
all that it is essential to find, and these distanoes may be plotted 
at once by reading off the moment of each section suceeaaively to 
such a horizontal aoaJe as may be considered convenient Thus 
(re&^rriug to ootnmn 4 of the tahk given in p&ge 2^5) 5*39, the 
moment of the section (0, 1), givea either ttie distance J^ or a 
proporlionate distance, which will answer the purpose of rectifica' 
tioD equslly welL 10*30^ the mosnent of (1, 2), in the same way 
giv«s the distjince F 2\ or a proportionate distance. The plotting 
of tliese successive intervala may after vvotxLs he checked by com- 
paring the extreme distance 13' with the sum of the momenta, 
ormooieut of the semi-aroh, 134 I'M, with which, if the plotting 
B^ exidiv it will be foaud to correspond. 

■ 'Bj these means the ordinates are at once set np at each pro- 
portionate diatanpes that the Curve of Momenta, if drornrn on 
dqaidislant ordinates and then transferred to these, would become 
arlrttsigbc line. Knowing tfais^ we know that the Line of Pres- 
sing alao will, if displayed on these ordinates, become a straight 
fine. 

In fact, since a Curve of Moments can but be plotted to a per* 
fectly arbitrary vertical scale^ and since its ordinates give the 
proportion of the ordinates of the Line of Pressure, the latter may 
jnstly be regarded as no less than the Curve of ^lomeuts plotted 
to a definite vertical scale. It is requisite that this scale be such 
as to read the moment of the semi-arch (1341 '24 in the instance 
under consideration) for the crown of the Line of Pressure; the 
heights being taken from the horizontal line paamng through its 
low)er extremity. 

The Line of Pressure is thus at once the Cnrve of Momenta 
and the Path of Besultant Pressure; the latter at least for all 
arehos that may be considered as finding their equilibrium in 
simple comproAsion, without exeroise of transverse strengtlu 

On looking at the table on page 225 already re^Brred to, and 
observing the steps by which the figusee for the ^^Moment of 
each Section^ (in tbe 4th column) were obtained, it will be 
seen that they are merely twice the sucoeasive values of the load 
between the crown and the middle of each section. Thus 5 '39 ia 
equal to the weight of the section (0,1); or to twice the weight 
from to a point midway between and i. 16 30 is equal to 
deoble the weight of (0,1) added to onoe the weight of (U:2): this 
il eqitlTaleckt to twice the weight from to a point midway be- 
tween 1 and £: and 90 on. The reason of taking twioB these aie* 
eeesive aggregate weights is, that by so doing the figures in 
the 4th column can be obtained at onoe by simple addition, 
without stopping to halve the weight of each aectioa. The simi 
total, 1.34 1 iW (in the 6th column), win require to be multiplied 
by half the common mtervml between the sectioa lines^ in order 
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are 12, il,, 11, 11, 12, 13, l7, and 24 cwt 1 ^•^ afejw 

the line of Pressure and ty calculate t7»e iiz^f(|Jj|J 

thruat, , : . ,: ,i ,,, • ,-,j/ - ■'.i^ti'^Mn,^ 

The first step is to find % the ftddit^ we^gnt#) tbs p^ 

efficient &r the momenti of the deeUi;>ns attain -the ibUowingL 
tabic:—- i"ii 



Eeference to 



Wticht of 



Sum of weigLti ... ill 



Ftoeci* of ftddilias. 



354-11+11== 
574-114-11 = 

] - ' 

ifiH-ii-^ii;*^ i 



Siom of M9meat« 1 ,. 



J^* 



-TTj 



To olieck the additions, observe that the weight (U) of thehiat, 
section added to its ooefiioient of moment (IDS) h eiiual to t^'ce, 
the sum (111) of weights. , i -.^ , 

Now t4ike any convenient horizontal scale for cw^ ai^d (aei.^TK 
the ordinates in Tig. %^ at diatances aii3weri|ig t^< 4i^,0gi||p^ 



Fig. 22. 



ill. J It.UftI Hiij 





eotlumii 4. That ia to say, the dtitanoe I uoat aoaW i»% 

tanoe 1 ^ 35; the diatanee 2 3i Ctl: ami so on. Check to'i iiKu^uf} 
by observ'itig that the total distaoco 8 corresponds on the feal«t 
to 767, the eoeffiolent £of th»*S«i!gA <rf I fa cieia^ ior , qM»»^t^ .e|^ 
aenEu^aroh. - 1 j i»it :»- Mtf^ ^< ta*^ »•■// .1 ,nw ^it 



Vm.himn 



THE CIVIL ENGINEER AND ABCHITECrS JOUKNAL. 



319 



1 2*35 liMt» and the nomeiU of the right aemi-areh being 864 toii% 
854 



the horizontid throat is 



12-25 



, or 70 UttUL Thu thnift is gene- 



rated by the right semi-arch, which has two points of rapture; 
the left half of the arch, which has no inner point of rapture^ 



ria.M. 



loading. Bat its chief advantage is, that it siyes points of rap- 
ture at springing on both sides, so as to redoce the thrust to a 
nui ni m^m. 

The point where the load divides will be at k, where the joints 
of the vousaoirs become vertical. Calling the ordinate at this 
point aero, divide the arch and loading into 2 feet sections by or- 




Horiaontal Scale of MiMnentB for distances of Ordinatea. 



standing by the thrust impressed on it through the action of the 
riffht, or more heavily loaded, half of the arch. 

For a given load, rise, and span, that arch will be the strongest 
of which the points of rupture are at crown and springing; be- 
cause it will allow the gre:ite8t rise to its Line of Pressure, and 
consequently stand with the least thrust. Examined by this rule, 
the arch in Fig. 24 is not the strongest that could be devised for 
the unequal loading, for, although there is a point of rupture at 
springing on the riglit side, there is no lower point of rupture at 
all on the left side. So that t)ie thrust is ^ater than is needed 
for the support of the left, although but just sufficient to sup- 
port the right semi-arch. 

It is therefore advi&ible, when there is a great and perma- 
nent excess of loading on the one side of an arch (as will happen 
under a steeply inclined roadway), to give the arch a " cant * or 
tilt, by raising the level of springing on the one side, and lower- 
ing it on the other, so as to get a point of rupture at intrados 
on each side. 

fig. 25 illustrates this. A road, at an inclination of 1 in 8, 
has to be carried across a s{)an of 40 feet by an arch, of which the 
radius of intrados is 30 feet, the thickness at crown 2 feet, and 
at springing, 3 feet. There must nowhere be less than 1 foot of 
road metalling over the top of the arch. The breadth of the 
arch is 16 feet 

The dotted line ict represents the intrados of an arch fulfilling 



dinates numbered either way, up to 8 on the right hand and 12 
on the left. The weights (in tons) and moments of the sections 
are given in the following tables. 

Left Semi-arch. Might Semi-arch, 



1. 


2. 


8. 




1. 


8. 


8. 


. 


Weight of 
each Section. 


Moment of 




Reference 


Weight of 


Bf oment of 




each Section. 






each Section. 


eachSecUou. 


No. 


TODB. 




No. 


Tons. 




0,1 


7 


7 




0,1 


i 


7 


1,2 


6 


20 




1,2 


7 


21 


2,3 


6 


82 




2,8 


8 


36 


8,4 


7 


45 




8,4 


9 


53 


4,6 


7 


59 




4.5 


10 


72 


6,6 


8 


74 




6,6 


11 


93 


6.7 


9 


91 




6,7 


13 


117 


7,8 


10 


110 




7,8 


16 


145 


8,9 


11 


181 














9,10 


13 


165 




Total... 


80 


644 


10 11 


16 


184 










11,12 


19 


219 








Total... 


119 


1127 









these conditions, having the points of springiuff t and t on one 
level, with a rise of T 8 to its crown at c. The line of extrados 



Having ihese moments, construct the diagram for straightening 
the Line of Pressure, on which extrados and intrados will be re- 
presented by the lines ekx, anb. The left and right branches of 
the Line of Pressure are given by the straight lines ak and kb, 



Fie. 25. 




HorimUl Scato of Komenta. 



is omitted, to prevent oonfusion. This arch vrould stand with a 
thrast of 89 tons. 

The full lines represent the same arch tilted over by raising 
the springing on the right to 6, and lowering that on the left to a. 
This arrangement reduces to some extent the inequality of the 



forming equal angles with the ordinatet: (kb, if produced to /, 
would cut off a hue line of, equal to oa.) The Line of Pressure 
thus determined is shown on the elevation of the arch by the 
dark line oAcft. 
The rise of the left branch of the line of Presnire is Are = 

70* 



H^C 



W^MTSi^ :^NQIiNSER /AlfP ABOHITECr'S JOTJRNAli 



.. uaiM}f 'witli U)Mi prdVrj^oaijr giv^n 



^ the 

be4riag agaiui^t tUe other abiUiutibt, 

Fjg»~yfL f JMi etiali ft c<i£«i tliere uiv^ 
bji' ' ; rupture, 

fu k'vol liu: 

ii vert iiie 

U^ tlyiwafiv 

V' inu rtU upward ^ 



db«Me ? it, ami 11: 

JW^^fM ^ ^ iitcfmiHtyi ^ 

irtta*ilf*^ii0cOMm*y t^iWpit^ tbeta, except iu the mti.^t Ittkt 
maaflM^^ntfnie New rAlttoeJvt W«eti»iti«tor waj? cotntneQetxi n^me 
tM^b^l^tfH^ Olid tw^ntj yeafr* timt; iwid b#for^ th^ innsi>nry of 
tM'lAlfidifij^yAs bei^n II oru)H s jm tippolut«<J (a tt. ls:ifl) 

waioili#ilfell»j' Hiilif^i:^^iil[iltj|iion -^^ cioakpoeei) of 8ii 
Bi»rtr, 9ll^/H»HlfyfD# k'B«<9h^vMr. William Sniith» ami Tn r. l n. 
Smith; and after an- ^Wufconit^ and pn>|0ngi?fi iiiquiry tliGN 
gentlemen produced a detaUeda£|>ort» familiar to all who have 
to make use of ^^^ /q|' b\ipi4rii^^ purposes, oq accouDt of its 
csompreht^nsivp (»tmtrtf*HiHnn rtnj <if>srri<irion <iF the principal 
Engli>' rt th* niague- 

WBtt^iji i I I for ftdoptlOn 

io: the bttiyiug: dl^bow»»v«r aabseqwentiv wppt'iirfxi that tine 
(juateryntf Bnl^ot^rwflsnflt capable of fi*rifi.*h7rij^ stooi^s of *veu 



ftr^lit loatrdmr and harnng ako really amomed 4iit impoftane^ 
worthy of tha mosl c&refoi scientific flcrutiny^ the whole qtlMtlott' 
was brought before the Moyal Institute of British Ardhileeliill^ 
Mfi Tito, in the eiMiy part of thia jemr, mnd was oooaklefed M 
great, letiirtk by Umt body* Thkwa^ immediately fvllow^ b^ 
the appetatttent of a oolnmiaaioQ oompoeed of arebileeta^ci^*: 
neens, ckurniiilai ftnd geologbis of eminence, wbese sitliugs ej^tr 
^Qi;bdi09i6&f)eciodal nearly aix mooths,imd whoee coielneio'VM? 
ai»itol)#«fai'iti«tiie reoeiii; oSicial report already menti^eiL^ if 

i.iO£illie<iia^eH vie aindl 'aay lets than ym otherwiee might hatlr 
lint our jft^ad^m tb& opportuiiity of judging a>f it for themsdviib^ 
To us it 14 mn uuffi^tiafaotory doonment^ and alibongh^tiBer.aaAv^^^ 
ful poru^l of the evidence, conflictitig aa it iaon Aome pointaf^nd' 
eboUiug ciiiiipletti want of dala for forming a jedginent on cibec^ 
ivfeioanuotteay that there ivaa ground foi^ a thovoagbly de^€S 
expveAtioii ^ opinion, tpc cannot bui £bel that in BUine respeeli»> 
b^^ cfujirddd and ambajgoguA inn gun^ would have beeift lianaMf^i 
i^il |r^^-wt> Uiid aimoBl said was cnileS foiL > A Jei# \Mirda from a 
oooten^poraiy, written with refereuoe to an irtiporUat ft|Mirt oft iki 
blUDeh^oi' pMlilJd aerrio?, prepared hy a mo lees eminent Cieiiiiiks»*j 
Bion thba the one which aat on the question of tbe decay la^ 
8torie, ate ab apposite, tl^at we make no apology for quoting tketsj 
Iisre; — '! 'V. ,1 -; .1' ■ i - '^'i I, ; ' 

iiiN^ omamliiicn f^inued o4 tb^ edoCtSo pHndple h apt to l««ak dowm, 
The opininzis uf its members are »o v»riouB and CtBiflict'iiit^ tlitit thei[r< 
m^i*rt i«lgdn«nJij)f IhWersd 16 the standard trf acompTDmi «ai' 

lu^y ifl ih<ND^ft4s at Ihe «*jifiiiw <4. oampleteitefrR mid iM 

lie entidi-d to mure wui^ht ti\mi the ii>r)«aic work t ^^'^ti 

' ' !r nainee. K " ' '"^r^ 
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'IthrAMgh th»^ lanMiniT, AtOfubout i 

" ^ ■ have b**t'ti tht* tbllowiug varii4Ui7ti- 
fMi teleoted. I'irsi w Bolaovt 
i..^ ^ „ ^le^ any st04»« liad beeit <li34w*lM ^ 
End quarries were et*lected«lld W^rM tlT^ ' 
toj^ exnbann;^ ^^ ihngeiA^^ltiiiefte1d>W«o<l 
tinll^>the Ikat^uaiaed tiume was in its ^trm 
gelAihg ef Atdne at Anstou eommetiGedt and 
atone con tinned to be procured till iheoomp^ 
(Ev-idenoe^^ IfiOl)— «1^17). u i ti^f^^ *- 

4(tter ilt^ htpM of a period of timef ^tiftltiiated at 
eight }'^«(ra by the witneasee ex4i«iiined^ia^9iiifto4>iM . 
to Hppe»r in pohious -of the « ton* 
mitri^isx|$«>dieut»weire uropo^ed iini 

a^iew toi^ndiiiigraii^lQeibe^rtDqaos or aciiieving unj i>n vvjiiunn 
or ^re of sucbi^yiidEiyt^iiiid attksti th4* military having been 
dwg^ed into not:^* ^— '*^p etjoria of the propirietorft of ri val inda- 
ritiitgif'I'^eseeH, it^vouringto pvt>cQre public patron Hg>e 
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' llrfallyex8rcised,i0.|voTcd by tbe liroziff expression of their regret 
that Mr. O. H^ dmitb was Dot actually employed, as had been 
•prdpoaed, ta iuapeet alLthe fttune, block by block. 
/ Ptohablv'tbe-oofDtnisBioa realty did not eare or with to elicit 
moreid«Ga!iIv£^ihfi^ot'tfaatttfe'«tbhe, which was quarried just as 
itontnt^ (with the e:xceptt«(Et of certain hiferi or beds), and was sent' 
u^p tt> Loodt^n just aa it wfis quarried^ resdly was unequal in te»*^ 
Uire^ aiid ongbt to haira^ rbeen mosti aNrefully aomtiiii^ed hy a 
diainteruatcd and t^hoTotighlgpsksllsQ judges > W&auawA'^cHh&r-' 
itM AHoouDt iDr the ab9<nice ftbm tHie iTvidence of l^ertaiirm^ts^rs 
yMdmfkyvonhl haTe bee n otherwise larwy ti? pr^v^e. T4ie oidy 
o^Mrlnokera. who: were exaiiiiDed^ who state tliat they werc^ fnafvns 
hkf trade^ were peusons \pho bod been engaged oo the building on* 
the purt of thu t-uiitTifiiMH TJiefc is nothiiig to ^ow that either 
Mfi QoarxDv ^' irouiive clerks of wdrkd under hiiti^ 

waksnra^Lknliv ^ ith stone; and, if report speaks true, 

iliiirookl JK/diflreaiit tcijnpp\*e that that quaiafieatiou wss possee^^ 
I17 an^loBb'ui/tMbA Oa the otlier hand, white on the part of 
ikom^mq^ftAhf^^tm oaatraotoinfl there is evidence to prove the 
^SMiifiiy ikdAatofT: bbaracter of the mAterial, thet^ is enough 
^pfcanUy IttHogiimtO' necoaut! eertaiii transaokioDS with refo- 
rsiiGe to' the stone '5>rt'l^rncoln'a Ion) to prove that the foremen 
were duly alive to what they supposed their masters* iuterefits, 
and W(Aild liot^ara ihsedi^'Sdiyiuvited minute criticisoi u^K>n 
iadi^i^nlpiaoafrofsUmoi V -, • t ^ 

One riksa^f Bc^demeeh^wefwrj; wlrich would bii'^ hulped to 

bMar ^•'^ *'''^ ->-r^ ^*^ '^- n *^ .1 rnhiHalfy, is refDrtrkably ab^ 

fl*bt I a chisel upon the ertonie; 

^T*^ --"^ none but the martins 

I y familiar with etono 

■ II nit L' aw.Nrh* uf till' 
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of'tl, lier the ol' !io 

works iiijr Lnh' ^L'l.'M'-'rai I'TL'tnaii ui uw rnnMer v."; ' 

a#ar6 of (SQch a feet— for of course, true to the 1 

the dpslriiiiil of the trade; the tiiason with the sun. >iuii«.- «.juiu 

tali^bvrtf h^t io 6utJ3trfp Ma iie?g!ib<Vdr in the amount of work 

done, Unl*^!^'^ u^ri.rL'iHiB' '' !M*i<'ii>uTiirLr '^ X"ii.nir» linf inc'iuriTU <»?• iTifcr-n-s;! 

WBtcpeai ul 

no '8U(^h . _ . e 

tb^ had sach evidence been produced the ^\\y\ e have 

DOW iTinde \Vnui4 btuii appeared in the present i- au aa- 

^rL- f ■ • ^ . I • i 

A ymh\Vt\^ of 6btaiiiiiig= ave^r^ sHtlfffkctdty testilt ik| 

^ •^ot 6f m linieatono when 

ftfthesTil 1^ who (*x?i ruined 



ible lusu. ? street. 1 

itiu-^vuiii uas select! '1 ann it> u.v'TU' tice watched tiy hh* luif c^ir 
Henry De la Beche. The committee do not however seem to 
ba^b b(^eto apprised of the fact that any s^pecial car^ *^' ' >'--•' 
talc^n in the other oise. The fact of the in^tter is, ho 
th^" .irclilu'ir'i. nf the Amiiviblf- f'tlio lito ^Tr. SamiLtjL ^; .-,.„.., , 

tt'st caif, peraonatiy 
^ - . ^ , nal altcnli:*ri did he 

devote to this ]:jt>iut, tliut the board of the coni] inder- 

atbod ti hnve voltrntnTilv priid htm a hundtrd ildi' 

tSpti * ,t 

c^ 11, i:e 

apparent tu anyone who UisjiOits the builcJiog ixl the ] 
and notjres the perfect state of prpsorvation in whff 
.wbri: ' • ' 






( lort^fl^is *' T^b^bfth^ ^4>*1!fiP 

y mncl^ t^ d^e^tl^f W4^ 

titone ae ars liabl* to decays 4s icdeh^tatcd ot refstt'd**^! ' t 

to the position thev occupy in the hiiillinrr, iTh^^s^*^* \^ 

efll|i6gsd«t^th^Wal*% A-^ri- - 

ously plaeedf^for being dried i 
<1 ' ' ther jifirta nf t! 

would^e piTtii 
jiiiuriuui* jjnn>dnctioQ iutto Iocwitu'- 
fauiiliiir phrase ^ between wiiM'iih^l 
mental aod all btH iu^stnlt^feh- 
granites^ porphyries, ^^ci '^'^''^ 

It js to be regreftei Ithat "f1^** ' 
lengti into the very \rn porta rr « 

nifty |t>e safely emploj?d in K i ^ -, 

mended is Portland stone, and tW rec^mtiteudHiT '^ 

been «iafcr. It ajii>eard to us W«VW«?^?^J thnt had it 1 »*' 

] f 1!Mfe^6<MiffliHl«A%»lidt^y ce^ ittf^ti^^; thev tuigh t tokf^ 

does in h}s'^a4e€;iir^ ' f th^' be^tt^ idiWJSr 

gand8t*?ne, aa likely to be iufffbHr»lyW&«WF 

re8 ul la th a n h a ve fo 1 1 < 1 w cii U i t . 1 1 1 < ) f 1 i m estone. These 

stones are krg^y emDjoyed ii^ 1 oi ^j?J] ji ^^4 fVV^^i 

k^id, anVrSvftrelrtt biWen ne^^yetL elenTnVH^w^TitnSa^ 
spliere, Perh'a^^il^ fitKi%i p^oVf^neial 'odildini^ 5ii G'l^eat Britain 
ia,iSti Q^oiif^'siilaUi at LijtfeirpcK>li a^id itMfitc'^TMh ,ip a ' most ttt- 
pp^j#i|«$Mfen,;aiid m art a.<iijii<*pbBr^ idttv?^^ if n(>t quit^ as bi^xk^ 
rLcnjsiasihalof ^'■^'l"'v '■''•- i.,,;L.|.rw.^ ;^ i,, ^ w^.Tirlt^rftil siatt^ 
of profervatior. v4llAi 

iliiifririiiiiLv rif i : ^atdCfT^ 

rtSi d% 

okiMU 

:; 'a^-nHteffi 

Tin^ieroimi 

i.ibl^ thniiJ 

iU^uiv, that I tMt 
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?;iR. — Wiih , ^luarks in >^otir.< 

Ut^uieutUiat, neater ;waviki tend I tO( 

li ^t uiH^'iiJ^tJonou the ^nrfineo trf ai. 

sphere, i \ n%\s^miS&ni 

citjuljj cle.. , p!y tother 

cajbe in which Um^ t^pliaie !« a ligyit^i^if tii(UiUl>t'iuUi; ^ 

ligure to tjie surfaoe uf whiuh. the direotioliivfgravitv 
where perpendicular. If such a^h&re b«criY4i^d wi 
or sh<^t of w«.ter» aud if pravity^ stiU<contvuuinf fc? 
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water w men 1.^ :ii"*i 
desoeudi whicli it c 
* r-n^ aside the aAij-»vui.^ |-> 
rom the point whert gm^ 

earth'H att i them is fturtiiiiljr 00 
moon^atHl t poii^ts wJbfiroiitJietic 
tmqti' |-.tli«y i..l:..fnu't ^M1; Ili.J \>^y\v ■ 'h'.. ■ ■ n ^/J' 

I li I 1 to state, that baviuif c Mr. Bakeweli'i 

lettsr^itAV' ^^aoiAnaiker, 'I itiuKi aiiimi ui.it, it-d lie n^p- 

'\^<>'9^^ T di i wIsnAarjd hi?* ]• U r n y nji Aui^xu^t iititifi 

■ uj he ltf^-s open to* 
ui^w I (Lilitly und«i>>« 
stand Ui^ru^ i Cim uuiy ace iwio.pyiula lii llsi 
ttje to be erroueousu Oiis is that (Un)esa 1 
Bakeweira nieaiung) hue seems to considec that pnrucuvi nu>vaujev 
l>ut not xyivolvtngi on the Anr^csero£«n>obla1o Bpb«roid irnd Kr: 
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a direction towards the pole; in short, because towards the pole 
ii'<to8/i!Af/// Tlie other point In \rtifch I think Mr. Bakewel! is 
^istalcohis, that he conceives be faa^ detected an error in the 
VidStirig theory of the fjfjare of tlie earth; whereas it is only a 
Ajfefeclrut the orfjjnnty mode f^f statin {j that theory. 

' It' BS' tirirjiiestionahly true, that supposing a loose particle to 
iexfst ttn. the snrl'ace of an oblaio spheroidal planet, and to have 
no'rtidttoh of revolutlnn tihnnt the axis of that planet, the pfirtide 
Would tend to ^jiprojich the nearest pole of the planet, oecaiwe 
of t1/e afebyeHiifentibried obliquity of the attraction to the planet's 
ifttirfn'ce! There is a dertain velocity of revolution wliich the hose 
parHck must ha\'«, in order that ita centrifugal force may exactly 
obuntei-act the obliquity of the planet's attraction; and should 
ihi viloclty of pfri'olution of the loose pnrticle fall short of that 
i&^o"uuf it Avill still tend to approach the ]x)le. On the other 
fetid, a. loose pilriicle with a greater velocity of revolution than 
is|riect«wi"ry to cdtinieract the obliquity of the planet's attraction, 
tebds to mover toi^ardrt tlie erjnator. 

;' 'OttC of the chief niathcraatlcid pwhlenis of the existing theory 
i^the fl'jtire of the earth is, to find the relation between the 
tlliptfcity or- flattening of a spIieroid:il planet, and the velocity 
of reyolu'tioh which is just sufficient to counteract the tangential 
couipowtot, acting^ towards the nearest pule, of the planet's 
alttraction on a 'loose particle, so that the effect ire part of that 
a^trrtctib^ shafl ho everywhere perpendicular to the surfece 
of thfe spheroid, and ttie' loose particle shall not tend to shift its 
jjfeition. '• 

-'■The (fefect in the ordinary mode of explaining this problem is, 
that the centrifugul force wliicli connt^jnicts the tangential com- 
JRQlieiit oFtlie attraction on a pirticlo is frequently mentioned as 
a 'dfrect effect' of the rotation o/ the hottu of the planet; whereas 
itf \s a direct effect of the rei*olvtion of the hotte particle; and unless 
that pjtrticle is carried round ahmg with the plaijet*s surface, its 
ccT^trmiLpil force will he null ur insufllcicnt, and it will tend to 
move' tjwanls the nearest jw»le, as Mr. Bake well states. 

■■="'■' ^ ■ ■ R. 

-^ ^ — ■ — 

SKEW.BKVJiL GEARING. 

TU fift BIHTOB OP TUB CiriL KNOIKRKH AKD AtCII1T£L*T'a JOrRNAL. 

Sin, — It is desirable that the attention of designers and con- 
jitHictors of mechanism should be called to a paper on skew-bevel 
t^caring {enr/rcnaye hi/fterf)oloidique) in the Bulletin de la Sodctt' 
jtoiir r Encouragement fie CTnduHtrie Kutionnle, for INL'irch 1801, in 
which the author, M. Biilangor, points out and rectifies an error 
into which other writers on mechanism have f:illen. It is well 
known that, in order to connect by means of toothed wheels two 
axes which are neither pandlel nor intersecting, the pitch-surfaces 
of the two wheels shoiild be portions of hyperboloids, described 
about each of the two axes by the revolution of an oblique straight 
Kne, called the " genemting line," at the end of an arm, the sum 
of the arms being equal to the perj)endicular dist^ince between 
the axes. To lind the direction of the generating line, let ()A, 
Ob, represent the projections of the axes on a plane perpendicular 
to their common perfjendicular; take OA and OB proportional 
to the required angular ve- 
locities of the two wheels; 
complete the pandlelo- 
gram OACB, and its dia- 
gonal OC will bu the pro- 
jection of the generating 
Hne. The common bnt er- 
roneous mode of finding '^*-~ 
the lengths of the arms is 
to divide the common per- 
piendicular into two seg- 
ments inversely proportional to the angular velocities. This 
however is correct only when the axes are parallel, and the 
wheels become common spur wheels. 

The correct method demonstrated by M. Belanger is as follows: 
— Let fall a perpendicular, such as AD, on the diagonal from one 
of the angles A or B, and divide the common perpendicular into 
two segments proportional to the segments into which D divides 
the diagonal, the shorter segment being next the axis about 
which the angular velocity is to be the greater: these will be the 
riequired arms.— I am, &c 

W. .7. MACsiUORN Rank INK. 

OTosgrtw, 2lBt October, 1861. 




THE PATENT LAWS. 

DuRiVQ the recent meeting of the British Asaociation for the 
Advancement of Science the patent laws were several timeB 
brought under consideration: first on the address of the preai- 
deut, next on the presentation of the report of the committee on 
those laws, they were discussed on the reading of a paper on the 
patent la wis by Prof. Rogers, and the president again alluded to 
the subject in his concluding address. Nearly all the speakers, 
with the exception of Sir William Armstrong and Prof. Rogers^ 
were a<freed on the general principle that inventors ought to he 
secured in the possession of their inventions, though the present 
means of doing so were consideretl very objectionable, ami onght 
to be amended. Sir William Armsti-ong and Prof Rogers, on thfe 
contrary, contended that patent raono]x>lie8 retard the progreate 
of invention, and are injurious to the public, and that inventots 
would be sufficiently rewanled by having priority in the market, 
by secrecy, or in certain cases, where the inventions are of great 
public utility, they should be rewnnli»d by the government It 
was, indeed, contended that inventions do not come within tliat 
definition of ])roperty which it is the duty of government to 
pi'otoct. Patentees appeai*e<l to be i-eganied by those gentlemen 
as if they were a cla.»« who preyed on the communitv, without 
doing any gooil, and that inventors should be outlawed. 

Tfiere is surely no property to which a man can have a 
Wronger claim than to the product of his own brain, especially 
when he has spent much time and money in briniring it to per- 
fection. But it is objected that the same idea often occur** to 
several persons independently, the one having as much claim to 
be the inventor as the others, and that it is a great hanlship fbr 
a man who hat* equal merit to be exi?lnde<l from all advantage be^ 
cause he may happen to apply for a patent a few months or a few 
days later. Thei-e is no ddubt a seeming hatdship in such a ctj*^ 
but it is not greater than \fe ai*e accustomed to witness daily, 
Tv-ithout complaining, in the dispr^sition of lantled property, wh6fe 
several brothers, each having an equal natund claim, are 8e(t 
aside because onw of them h;is been born a year perhaps, ahd 
sometimes only a few mimitcs, befoie the others. If it oe con- 
sidei*cd to the advantage of SDcioty that such a hardship should 
exist, and that, without any merit whatever, prii»rity of birth 
should give a right to monopolise land, there cannot fairly be 
an outcry raised against the right to monopolise an inveiition 
acquired by priority of merit. 

The strongest objection that has Wen urged against the mono- 
poly of an invention i , that it not only prevents the free use of 
it by others, but it obstruct n further improvements. That ob- 
jection however does not apj»ly to the principle of granting pro- 
tection to inventors, but to the manner and conditions of the 
grant, and it involves the question of an amendment of the 
|)atent laws, on the necessity of which all are agreed. 

The amendt'd law of l^^>4 was so vast an improvement on the 
ohl system, tliat inventors were not inclined to scrutinise very 
closely the boon that had been conferred on them. Now, hof^- 
ever, that they have hatl some yeai-s' experience of its advan- 
tages, they have become acquainted also with its defects, and are 
anxious to have them remedied. The chief defect of the exists 
ing law is a remnant of the old system, according to which 
patents are not gi-antcd as rewards of merits but ai-e sold to the 
first comer. There are now certjiiu useful forms prescribed for 
the purpose of defining the object of the invention for which 
letters patent are applied, and for ])reventing differing inventions 
from being included in the same patent; but when thoae fomn 
are com))Iied with, letters patent are still granted, witfaont any 
regard to the utility or novelty of the invention. So little atten^ 
tion is paid to the novelty of the inventors' claim, that if t^i 
applications for letters patent, for substantially the same inven- 
tion, were made within a month, no difilculty would be raised on 
that account, and the patentees would be left to make good their 
respective claims in a court of law. The conflicting claims arie- 
ing from this indiscriminate sale of letters patent occasioned 
much annoyance and litigation under the old system, and de- 
prived the protection obtained of much of its value; and the 
great increase of applications for patents — in consequence of the 
reduction of the price — has multiplied the conflicting claimi 
nearly tenfold. At the time wlien fees to the government 
officers amounteil to about ^100 for each patent, the average 
annual numbei* obtained was 400; but now that the fees have 
been reduced to /!!.'), the average number of patents granted 
exceeds 3000 in each year. It is evident that a lai^ proportiai 
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«f tfaoM fimded inv«nlion« nitiet be entirely worthless. Sir Wm* 
Aaxutrong expreased tho opinion that not one in twenty W(w of 
any value, and we believe^ had he said one in a hundred ^e 
would have beea nearer the truth. Thia eaormous increase ub 
the number of applioaUons for letters patent hae had the further 
bad effect of dimiuishing the check which private iutereat hv- 
laerlj imposed oa the gnuit of patten ta for old and aimilar iiiv^a- 
tiona. It was the custc^m for those who were interested in au 
iuventiott to enter a cowwi at the Patent Office against the grantr 
ing of any patent for a «imilLar object; ami the parties received 
notice when any such application was tnade, and entered an op- 
position. The applicant then explained Ma invention to the 
attorney or solicitor geueral, who atterwarda heard the objector^ 
and if the invcntioua wire alike the patent was refused. , Iti the 
present throng of applicationsi however, it ia scarcely wortlt the 
sacrifice of time and money neoeasary to oppose the grant of a 
patent^ and thus the restminiug check ie weakened^ and the ^oq4 
of claimants for protectinu overpowers opposition. , ji i ^^ 

When the bill for the funendment of the patent law mui ioti^ 
dnoed into parliame^t| it contained several clanseB making pro- 
visiott ior a preliminary examinatipu of inventions before com- 
petent judges, for the purpose of deterniiniag their j 
claims to be protected; but iu the progress of the b 
parliament th- - i -hie clauses were omitted, and iuv .^^:i> i:t»ii- 
taina no resti v isiona of the kind. The necessity for 

auch a trihuuiii ... ^.....^ more and more evident as the increas- 
ing number of protected inventaoas multiplies eoiiEicttn^' claims 
to the same invention. It is, indeed, to the interest of inventoia 
more than of the public that every claim should be cmefuUy 
examined before it is converted into a monopoly — if that can oe 
80 called which ia assailed by competitoi^ on every aide. If the- 
merits of each alleged invention were investigated by & compe- 
tent examiner, the grant of letters patent to auch inventions as 
were deemed worthy of the privilege, would be an honour, and a 
patented article would have increaied valne in the market; bat 
^y the present sjrstem of selling patents to all comers^ they have 
entirely lost their value in public estimation. The careful exa- 
^oation of a apeoificfition by competent authority before the 
jgrant of a patent would be primd facie evidence of its novelty, 
ktid ahoulij protect the patentee against the infringement of his 
monopoly, unleas strong evidence were adduced against it. But 
at present a patent aSbrds no protection; it merely recognisea 
an mventiou to be property, the possession of which anyone may 
contest. 

The report of the committee on the patent laws, rt-i*l in the 
Mechanical Sectiou of the BriUdh Association, was fou a 

and embodied the followiiii/ jL-i-'lutiojas, agreed un by it 

J committee iu London:— 



ibtiniil. 

«n thf granting of 
Iheir appUoations not- 



"L That all appli--*^- ^ > ■ 

I Jfxjted io a fireHiDiator 

2. TliAt •oob trihiin . 
patetitB^ but it shall h& itpi^ii to inveutora to n 
Withitamhlif? p^evioH^ refiiwril, 

3, That the s^ lorrued by a p«>niuin6nt and *ial«- 
. Bed judtfe, a»si^ iUe adv^c^ uf soic^ntiiii;; a^euort; 

, and ih-' '^'^ ■-"■ i.f jn.inir. " 

^ id »houkl have ti^xclusiva jurisdiction to try 

r C*,'\ i„.uM be extended to the trial 

I vf fcll nf I'tr^nrn^ 

\* 6- I " dd be 

l€ve i. ,ui by 



Chamber, witli : 

a. That ffir ^ 



truiu the exiatang piuicl; tho dt^ 



. Jiti Exchequer 

..r?t (If the jnd^e 



prove of the principle of oompeDi' 

► •liiilir: tribotjal, or 

|4>y Ati arbii i," 

|j It will be observed that the reaoluttoni of the committee 

^frlate. Willi t!ie exetMitiuiii nf tin* ln.-^r ii.n<v t'»<*ir^'lv to the appoint- 

1*^^'' ''Xamination of 

^^^' he preliminary 

1*^^^ it it apjiears to 

■ 11.. ,. ^^ I vur\' iuadequate 



^i' ; '^\ ry f} ,- i >L-lU'.vif tj-.i^ Ml -kfiHWirfi shTff-J/A.r iTiX-lwiif, J. 

previa loti ror fmm a iPT^liwnai:y examinaitjon w woutd be r^j- 

quired. A single tribnnali however consLitute4 would bo tn- 

caprvble of dii^j^ ' ^ half the caacs that vuuW b' ' 't 

before it. Tl. i. appllcatiotis for patents a\ n 

(i'uliy, and if tL. " ' ' '' ' 

and probable - f 

opponents are tu u*- nt-.ttut jl nuum uv f 

more than four or five cases i^ one da} 

ako to have numerona permanently ..,, .,,..v . > 

aearch the patten t i^cords, before the claims to ii 
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the preLiiiJ 

trial of pfii' , 

woiilil, we biilieve, be ^rougi , i 

secrets would thus be exposen}. 

judice ia case a patent shouM L i- 

previous reference would, indeed, i ' t 

the prcliminiiry investigatiun shouid be cui^i^u^^c^ |jr. i 

confidentially, and after the inventor hi\A ei^tiibli^hevl ^ 

■■ fisfiuition of the assessor appointed tp, ejtan; 

■A of that officer njight be publldy given, qn t 

' •* it would be confirmed uoles.^ jei^on ^v 

t An arrangement like that, would, ^\' 

bt. .i.. .... o. . to all applicants for jmtents, and it wou.^ .^v >>.^^ 

aame time give any competing inyeutoi: a fair clmncp of ^^M^^JE 
his claim exaniiiieiL 

The inct of jurors to decide questions yih'uih rtiqiiirt' 

scientific i nical knowkdge, renders H mcW di :=i» i^'lo 

that some more htiing tribunal ahould be ^^bxl 
triil of pr\tent cnscj?, and the oneproposed by 
V (he purpose. WeobiJecthowL 

I i, for unless the judge or assess 

able with partiality or prejudice, the Exchequer (.'iKtmUr, aud 
still le^ the House of Lords, cottld not determine such questions 
with an equal chance of arriving at a just conclumon. Justice 
delayed or dearly bought beoomofl injastic©;" and to give the 
power of appeal would perhaps place a poor ln?entor at the 
mercy of a rich invader of his riglitn, and he the means of inftict* 
ihg grievous wrong, far more heaitrcnili- - t ^ ■■ -^rioua tXihU 
open robbery, becnuae infiicteJ under tl iw, . 

Xli*:* >,Kl..,Mi,»(s to giving protection i'- ■■! -ii t^>** 

grouri h mouopoly obatri] 

ventii I ^ 1 be completely obvir ^ 

on the last resolution agreed to by the comuj 
is contrary to the principle on which a patent i 
patentee should refuse to grant licences on i 
it is expressly stated in the letters patent, aw 
granting them, that the petitioner conceiveiJ hl^ invt i 

be *^qf great pubVic utility^' and thfit"we, belnt? williJ. 
encouragement to all art^aul ^ ujay be Jut ike 

public g*mlt are graciously pi I to the m\,\- 

tioners requeat," It ia also an e u Uiat if it be 

made to appear *' that this our gr > to law^ or pre- 

judicial or inconvenient to our iru///trr.v tn yf/irra/'' '^ * i. -, 
patent shall be ** utterly void/' It appears, the i 
terms on which protection to an invenliof ^ - - 
the removal of sufch obstruction to sub 
WillLim Armstrong complains of; bnt 1 
practically, owing to the cost an<i 
ings, patentees might, and sometime 

way of improvement, in direct contravention to ' ions 

on which their patent rights were grantei l^ht Kiit 

of the means of readily and at little coat Compellingipa 
*^nt liceusea on reasonable termsj—consirjcratiyn tJtii 
udlUon that tli 
— wouhl be a 

'' ■ ' ' i% was mvift'i 

itration of tht 
sv^^hlmh iiai'i], lu.'it requires ^ I: I 
til at the ordinary legal tribun 
majority of <- - - -^ ^ ^ '^ • * ^ 
effective iu 
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competency and costiiDesa of tr 
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necessity of oth^., courts especially adapted to consider casea 
dependiiig on the applicatfoti of scientiflc principles, and in which 

' jtfBtice may be obtained by the poor inventor as well as by the 
ckpital^sts. This is the more aecessary, in consequence of the 

'fn[^ent reckless system of granting patents without previous 
examination of the inventions; but if the amendments proposed 
by the patent law committee were efficiently carried out, all 
reasonable objections to patent rights would be removed. 



VENTiliATION .OF DWELLINGS AND HOSPITALS. 

(Continued from, p. 219.) 

In our former noticte of ^is subject we mentioned the autho- 
rities tq which it w^ our desite to draw attention, and advanced 
so far ia an accouift gf the inn)rovements lately introduced into 
our baitacks — the^1ire^l|ng8 of the soldiery — as to give the bare 
outline pf the flyatetn.adjapiteil for them: a svstem contemplating for 
the reihoval of vitiated air two bi: more outlets from each room, one 
being the^imney flue, and th^ pther or others being an oatlct- 
shaft or shafts, constructed f^i) the purpose; and providing for 
the supply of the requisite n-didi aijr two or more inlets, one 
bringing m externa! air throp^h a chamber contiguous to the 
fire-grate where it may b^m4 |>artially warmed, and the remain- 
ing one or more inlets beib;^ umply openings for external air 
of the natural temperature.^ 

yi^fore consliiering tho.'snSJect of" the ventilation of rooms in 
bfdinary dwelling-houses^ jt will be desirable to give some of the 
Acftails of the simple arrangetnent just referred to, as adopted by 
Hie' Commission in the ventilation of barrack-rooms. To com- 
i^ence with the outlqt slmfU;^ — thoau introduced into the barracks 
bjfevAt^if apon by t]^6 Cpmmi^l^ion were, it must be recollected, 
-j:Ss*iA^ . *^ -_-^* z t. rijr — f. — i-Jq|j jjq g^g|J ftygtem had been 

new buildings such shafts 



a^hliba to exl sting jbtiiidiim.^ in which no such system had been 
jJdntempTated or pSfOVjiJ^d lor, Tu new buildings such shafts 
s!ionldT>e intrpdiic<>d duvio^ M^^ erection, and should be made of 
feUzed tubnlar tilcB, as the fitiiootlmess of the inner surface is of 
gteat lmpj^fta^ce. T'le sliafta rtiade for the Barrack Commis- 
S^ner^ were of l-irit-fi vlealj planed smooth inside, and rebated at 
thd angles, ana were carried from one angle of the ceiling to 3 or 
4 feet above the roof, and protected by louvres to prevent the 
rain beating down them. As the length of these shafls increases, 
the velocity with which air moves through them also increases, 
so that the sectional area of shafl necessary for rooms low down 
in the building is proportionately less than that needed for 
^ms on the upper noors. 

. ** In rooina on tho top floor of a barrack we recommend nhafts with a 
ift^iiMud aroa o£ 1 inch to every 50 cubic feet of room B]>ace; for the 
i^aa next below tbo upper flixir a sectionaL area of 1 inch to 55 cubic 
fe^t o£ mom Hpaoe; and whcrt) the barrack coiifiists of three floon*, we 
h^ye required for the lower floors a sectional area of 1 inch to bO cubic 
Uel^ of room upaoe.** 

■"-■The theoretical velocity of the air leaving by any vertical out- 
let would be determined oy the following formula: — 

V = 8024 t/H 0(^ — 0- 
V = velocity in feet per second; H = height of shaft; t = tempera- 
ture of room; t' = temperature out of doors; a =. coeflicient of dila- 
tion of air for V F. -002. It is consequently obvious that the actual 
velocity of air in the shaft will vary constantly with the varying 
temperature of the external air, and it is consequently of great 
importance to supply outlets sufficient in number and area to 
change the air of the room to which they are applied during 
weather such as we often experience in this country, when the 
external temperature is high, and yet the air is so humid or the 
rain so decided as to render the opening. of windows undesirable. 
" The friction in the shaft, and the freedom or otherwise with 
which the air to supply the shaft enters the room," are pointed 
out as circuQkStainces afl'ectiug the uuifcrm action of such appli- 
aucrs; the escape will also be retarded if thei*e be any difHculty 
at the outlet — that is to say, if the contained air be compelled to 
encounter obstructions at its exit froni the. shaft, or be exposed 
to the force of an opposing current of opid wind. All these con- 
siderations point out the necessity of pnpvidrng an ample amount 
of exit, and also, as far as possible, of sthnulating the escaping 
current The syphon, to which we shall advert hereafter, is often 
:i very eflicieut means of securing this last-named desideratum; 
ixpd is worthy of more extensive adoption than it has received. 
i^ohia means should alsa be provided for regulating the exity 



without which in very cold weather, when the differenoe in ienn 
perature between external and internal air becomes very gz«it^ 
the flow would be too rapid, and consequently the amomii of 
fresh air passed through the flue too mat for comfort Im, «I1 
cases in which these flues were adopted by the Banraek Conmis* 
sion means were provided for Himinighing their openinf^ by the 
introduction of a valve at the lower extremity of each flue. 

Of the action of the Are on the air contained in a room ire 
hardly need say anvthing; a large amount of air is drawn to feed 
its combustion, and, deoxygeniaed, passes up Uie ehunney, while 

Fra. t. 
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the cuirent so created draws with it an equal — often a greate 
amount of air which is not reouired to feed the flames, and 
passing above the fire enters the flue of the chimney. To supply 
this constant demand, and to replace the air which it is necessary 
should escape through the outlets, there is need of a constant 
influx of external air. This influx is commonly provided, in 
rooms of ordinary dwelling-houses, where the chimney flue or 
valve or syphon communicating with it forms the only outlet, by 
the small crannies and apertures in and about the doors and win- 
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dows, and this source .of supply being situated in parts of the 
room not so usually occupied as other portions, and oeing more- 
over spread over a comparatively extensive surface, is not often 
attended with serious inconvenience, though in large rooms it. ie 
not always — perhaps not often — sufficient 

When however an outlet-shaft is provided, up which a portio|i 
of the products of respiration are expected to ascend in oona^. 
quence of the rise in their temperaturej it becomes imper^tiyp. 



;1,WIIJ 



THE CIVIL EiMiJfiBfiit iiM iS(Mh«c*'a^'y(i^B!i*fiL 



tbAt «ome diatmct ftnd eufiBcient inlet for fresh air tilionld be at 
tho samo time established; otherwise the chimney flue wiU| in all 
probability, overpower the less vigoj^oua curreot which onght to 
ooeupy the shaft, and will convert what ought to have been an 
outlet-ahaft into an inlet shaft for freah air. Inlets were, in the 
caj96 of the barrack-rooms, in all inatan^ieB phtced at or near the 
oeilingj their sectional area was, as remarked above, 1 sqxiare 
raoh to every SO or 60 cubic feet of air lu the room,— though^ if 
air were slab admitted ronnd tlie firo-gratGy 1 sqnans inch of the 
inlet to ISO eubie feet of apace was considered snflicietit Gene- 
rally two or more were introduced into each room. The report 
aajra on this subject — 

^' In ordtT to prefrent draughts as f ar aa practicable, aa well as to 
Hi^ the number of places in which the waQ ham to be cut away, we haTe 
catered tiieto Inlets by a woodun cumioe several times their length, sloping 
niniitili to the ceLiiag at an angle of 45 demea. Hie upper fine S 
wt oemioe is formed of perforata 2inc, with holes of ona^ghth to one- 
mi^ of an inch in diamBt&r. The front of tho cornice opposite the inlet 
ii <)f wood, to break still further the force of the current. The area of 
petforated zinc though which the air passes into the room is from mx to 
ei^t timoa the area of the inlfst from toe outer air/' 

L The iHuatrationa, Figs. 1 «nd % gho w t h e form of ventilating 
^fllioe adopted over the thri inlet. The general disposition of 
the inlets, outlets, and ^' in a room ventilated according 

to the syBtem now laid hown in the accompanying plan 

aod seetian, ^iga. 2 ami i, wnere the beat relative positions for 
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Qititlet and inlet are shown — namely, positions' the most remote 
£rom eacli lather, so as to promote as complete a change of air as 
possible Ja the room. Fig. 6 shows the arrangemeiits as actually 
mtroduc^ into a room at the WeHington barrack^ 

'^ 1, 1, $fet the cold-a^ inlet^ projbe-^:^ hy wooden cckiupes with per^ 
lorated zQie covere. 2, is an iiuct for air to bewannpd on the spaoe 
behind th^ fire-grate, wbich air, after being warmSd, passes np the flue 
in thu waU; and ia admittod lata th« rooai-thm>ugh ih& lDU7re«, 3. The 
ontlet foiUralr Abaft is at 4. But in practice tliis ouUet lahaft should be 
placed at as groat a distance as possible from the &re-p|abe.** , 

The owy portion of the scheme which we ^haT©* not now 
noticed is that which relates to the fire-grates, an 4 the mode of 
heating a portion of the ex:temal air admitted into the room by 
letting it pass behind them. To discuss the form of fire-crate best 
fitted for adoption in any particular positix)!! hardly faXlB within 
the limit of our spaoe— and we are not sure that anythinc short 
of the practical test of the use of a grate during a consiaejRkble 
period \('ill sniBce to enable an exact iud^ent to be form^ of 
its mentsL The form proposed for adoptutu in barracka ie«ms 
oppr? *^ *'-" ^^'; -fion that the surfaces iuclosing the diamber in 
wfii heated before it entejrs the room are of iron, 

and .\..i«. 4,*,„v^, vk'lien riuaed to a high temperature wiU eier- 



cise a dsleterious influence on ttft qualify of the air introduce. 
This I'e a point seduluu&ly to be guarded against, aiul in small 
rooTti Lily one inlet was needed ii would, be very unde- 

sinil 1 I to allow the whole supply of ia-coraing air to pi^s 
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over a surface of heated irpi^ on its way.. In suah cii -^ 

it would be wise to remain <iontented with adopting t us 

for obtaining the suriilus heat from the pi-oducta of c^inb^ifiti*?^ 
in the ohimney flue, witlinnt actu^ly allowing' the ialet-ch^,ujj^ 
to pass behind the ,^. i,^, ,, , 

It has seldom oc 1 in devisingj the 

best means for promot Li t llie occupaiiT " el- 

ling-rooma to recollect, fresh air requi le 

use of the ^re, if one 1 1 of the It ia 

providetl, there is yet i>rovi3ion e 

amount of freah ^ir to rcjujiLv mt- (;u]iaumpUon i . <h^ 

artijiftd Ughts made us6 of. Tlie amount of air \ i ^1 • t 

ing is 80 seldom understood — so all but invttrii»--v ..^.icri.it<?U 
when taken into account at all, that we venture to claim special 
attention for the following extract:— 

*• In Di> barrauk tooto Lighted with gas have we i^uod any proviai^Jt 
for ventilating the ga^ f-^-TM -- rwi- ,j,a* ,^r.. ,A .ra^ \*,nt-ibiiir.n liiit iw 
ihmhi, in many cast- -' - 

rack rooms. Every 1 i* 

abijut equivalent to the miditi«ju of i* trv^h iumaW. Twi ♦■ 

jets rpquine more fr«»h flir than taffiooe for the twplMitkm 



Two fan gas liili 

lent to the addr 

cubie foot of g^jou , . 

produces 1^ vuHo fi> 

watery vapour -raJ 

through tha ati > 

vital powGtv, ui 

overcrowding ami Iri^uiEcicut ventiUtiou 



to thofii^ in ttse in bonwck roomp An • fYmiva- 

t men to the ootnipawte of the r6om. BaA 

' -T^-""— «i.r,.*s 21 cubic feet of oxyg^, aitat 

/"thfr with a large axnoimt tif 

'iucl-j, wliioh. wli<m ^llfFitted 

., . . , .*% 

Hut tilt rtrnedy tor tm* evil 
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is idlnpk eSMMigh; an nvdhiary viTjtilAtittL,' ^hift, >'''m tlNr 

gag boroer, tfieotoally inttoviai fi}>' |kr<wii];bi if iJi^ th# 

heat of the gni nicraaiis tbedmuk it >it tlx? nh:dr. 1 1 iv i , m .^itiulatiiy 
the Toatt» WW hwvvi abo^ v<|a|i]jM Xhr ^wh bumirs, Wher'i hcwtivs IM 
diatanoe between the burner and the nlmft Iim U^m too givat, and thtnr 
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hm been dangerof the foul air becomiiig diffoaed throng ihe afBio«plMn» 
of the room, we hare had the bumen Tentilated separately by a vwntl- 
latilng funnel and tube of the common form (Fig, 6) to convey the pro- 
duote of combustion into the chimn^, an airangement which not only 
removes the products of combustion from the gas burner, but improves 
the ventilation of the room. The hot air from a gas licht may also be 
used for increasing the draught in the foul air flue, bybeing conveyed 
directly to it by means of a metal tube. In some peculiar situations, or 
idiere the length of the shaft or the difference of temperature between 
the air in the room and the air outside is too small to occasion a current 
in the ventilating shaft, a gas burner placed at tibe lower end of a shaft 
becomes of great use in producing a current." 

There are some other recommendations embodied in the report 
before us (that of the Barracks and Hospitals Commission), but 
they will be found indicated in the followmf;; summary, which we 
extract as a sort of counterpart to the statements already given 
by us {ante p. 219) of the nature of the problem required to be 
solved. 

** Summary of Prineipla iidopted in Barrack Ventilatton.—'We BhsJl 
conclude this subject by summing up the principles we have recommended 
as practically s^iplicable to the ventilation of barracks. 

1. Ventilating ci|ch room by itself, and quite independently of any 
other room. 

2. Providing each room with a shaft passing from the ceiling of the 
room up through the roof. 

3. Closing up all inlets near the floor, where such have existed, and 
placing the inlets for air close to the ceiling, so constructed as to insure 
the diffusion of the inflowing current. 

4. Remodelling the barrack room grates and providing a chamber 
behind, for heating fresh air drawn from without, to be introduced warm 
above the level of the men's heads. 

5. Ventilating all passages, staircases, and corridors by shafts and 
perforated ranes independently of the rooms. 

6. Providing as nearly as possible 1200 cubic feet of fresh air per man 
per hour, in a room space of 600 cubic feet per man. 

7. Ventilatii^ guard rooms by shafts, and remodelled grates for warm- 
ing the air admitted. 

. 8. Ventilating libraries, school rooms, reading rooms, and cook houses 
fituated in the same houses as the banack rooms, on the same principle 
as barrack rooms. 

9. Ventilating non-commissioned officers' rooms, canteen tap-rooms, 
X:c., by Amott's ventilators and perforated panes. 

10. Ventilatinfi: all stablcH under barrack rooms by shafts from the 
ceilings carried above the roof, and by inlets for air. 

11. Providing for the ventilation of all gas burners in the way men- 
tioned 

12. We have recommended that ventilating and warming, together 
with the other sanitary arrangements of barracks, be placed in chuge of 
some officer responsible for their efficiency." 

We have dwelt thus at length on the ventilation, of barracks, 
because those structures present almost all the diiSiculties with 
which we have to cope in the ventilation of ordinary dwellings 
•^the subject more properly before us; because they will furnish 
many illustrations of the ventilation of hospitals, to which we 
parpose hereafter devoting some space; because our barracks pre- 
sented the same condition when the Commission approached 
them which 99 per cent, of our dwellings do now — viz. tney were 
buildings erected without any re^rd to ventilation, and required 
to have the deficiency supplied oy the best expedient possible; 
but above all, we have thus enlarged upon the Barrack Beport 
because it contains very practical and simple statements on the 
subject of ventilation, and unfolds a system applicable and 
actually applied to ordinary buildings, with every prospect of 



Most dwelling-houses require some appliances to be adopted-^ 
at least in the living rooms — for the proper supply of fresh air 
and removal of foul, and in the arrangement of such appliances 
the general system just laid before us will be found sa^, and, if 
carried out with intelligence and prudence, successful. Modifi- 
cations may and probably will be required, and particularly it 
will generally be found impossible to adapt the vertical extract- 
ing or outlet flues for any but the upper rooms of existing dwel- 
ling-houses; their unsightly appearance in the angle of the rooms 
above those out of which they would open, and the probability 
that they would act as conductors of sound from one room to 
another, will ordinarily forbid the attempt to employ them. Ao- 
Gordingly we find the most successful expedients for extracting 
air from ordinary rooms are openings which draw it off at or 
near the level of the ceiling, and introduce it into the chimney 
floe. Amon^ these we may enumerate Arnott's valve, the syphon, 
tiie perforated cornice of V arley, and the gas ventilator deaoibed 



abof^. Other atlfnuting nwrthodi exirt^ by tiie vm ai whidk mk& 
can be extracted from ydoiiib, but they are OBdinarily inapplicable 
in OMCs where a simple extracting abtdt m inadmiaaaMc, and 
where that can be introduced it sapersedcB the «ee of any otiber 
Bcana. Methods not self-aotinff we may at once diamiHy tm 
being inapplicable fbr nee in dwelling, and, to ny the leaety 
more or lets nndesiraUe under all curcnmstances and in all 
sorts of buildings. 

Arnott's yalve is now wdl known: it is fixed in an apertnr* 
oommnnioatinff between the room and the diimney floe, at or 
near the level of the ceiling, and consists of a metal frame in 
which a sniall light valve works, calculated to adjnit air eseapin^ 
from the room, but to obstruct any current setting into the room 
from the chimney. Where a sufilicient supply of fresh air is pro- 
vided, and where the lower opening of the chimney fine is not too 
large, this valve answers well, but it is liable, if these conditions 
are not complied with, to adniit smoke into the room in place of 
drawing off vitiated air. 

A syphon-shaped outlet for the vitiated air from rooms formed 
the subject of a patent long since expired, and has been recently 
again introduced to notice. The action of it is exactly similv 
to that of an ordinary syphon, only reversed; a^ common i^phon 
conveys fluids heavier than the surrounding air from phM» 
to place, and in it the gravity of the floid m the longer 1^ 
overcomes the weight of the iSiorter column in the otlwr leg, 
and causes it to ascend till it readies the bend. A syphon- 
for extracting warm air from a room must be in an inverted 
position, its shorter leg going downwards to the bend, and 
its longer one rising again, and its action is to draw a fluid 
lighter than the surrounding air down the shorter Icff, the 
buoyancy of the longer column overcoming that of the shorter. 
In adapting this apparatus to common rooms the bend is j^aced 
near or behind the fire-grate and the shorter leg descends to it 
from an opening in the wall at or near the ceiling, while the 
longer leg rises up the chimney flue to a point above the level 
of the entrance from the room, and then disdiarges its con- 
tents into the flue. The advantages of such a tube as com- 
pared with a simple opening are, that its action is not easily 
liable to become reversed even when there is no fire in the grate, 
while the smallest fire, by filling the syphon with rarefied air, at 
once sets up a vigorous and sustained action fivr more energetic 
than that of an Arnott valve or a simple vertical escape flue of 
the same area. This plan, and that of Mr. Yarley about to be 
noticed, appear to have escaped the attention of the Commiasion 
on Warmmg and Ventilating Dwellings. 

Mr. Varley's system received a prize which was offered some 
considerable time ago by the Society of Arts for a system of 
ventilation applicable to existing houses, at small cost; and ap- 
pears well calculated to supply the required amount of air, and 
carry off the products of respiration easily and without draught. 
He proposed to form a hollow cornice of perforated zinc, by fixing* 
a strip of that material across the angle formed by the hinction of 
the ceiling and the walls; this cornice was to run rouna the whole 
of the room, or parts of it, as desired; but when it ran entirely 
round it was to be divided at two points, so as to form two chan- 
nels, the one running near the dumney being made to commu- 
nicate by an opening with the chimney flue, and the other haU^ 
bavins an opening leading into it which communicated directly, 
with uie external air. The action of these two openings is of 
course that the one shall draw off vitiated air and the other 
supply fresh; and it is stated that if only the precaution be 
adopted of omitting or doeing up the perforations exactly oppo- 
site the two points where channels open into and out of tnia 
'hollow cornice, the perforated zinc will be found to equalise and 
distribute the incoming and ontcoming currents, so as to avoid 
risk of draught. 

Of the ventilation of gas burners much more need not be said 
than has been in the extract above given. In ordinary dwciKng- 
rooms it is most deurable to ventilate gas burners, and as the 
hot air from them is given off at a very high temperatore^ the 
current will be really very strong; and consequently, if the epm- 
ing be of suflSoient siae, and not too mudi cut off mm surround- 
ing space, the ventilation of a gas light may be easily made to 
create a sufficient current to cause the removal of all foodiiela of 
respiration from a crowded room. 

{To he eontinned.) 
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BRITISH ASSOCIATION FOR THE ADVANCEMENT 
OF SCIENCE* 

On the Effect* i^ Vibratory Action and long continued Changee 

of Load upon Wrought Iron Bridges and Girders. By Wm. 

Fairbairn, LL.D., F.RS. 

(With an Engraving.) 

It is upwards of fifteeD years since a series of experiments 
was made to determine the valae of wrought-iron riveted plates 
in the form of rectangular tubes, when employed as girders 
spanning rivers and ravines, for the sup})ort of roads and rail- 
wavs. Those experiments led to the erection of the Qonway and 
Britannia Bridges, on the Chester and Holyhead Railway, and 
determined the form in which such structures should be de- 
signed, as also the strength necessary to resist the strain of the 
passing loads. A new theory of construction was thus developed, 
and a new era established in the history of bridges. Since that 
time some thousands of bridges, composad entirely of wrought- 
iron plates, have been erected, supporting roads and railways, 
with a decree of safety not attainable with any other description 
of materia. 

The construction of the Britannia and Conway Bridges of the 
tubular form led to the introduction of tubular, girder, plate, and 
various forms of lattice bridges, all founded on the same principle. 

The tubular bridges were originally designed so that their ulti- 
mate strength should be six times the greatest rolling load which 
could be placed upon them after deducting the weight of the 
tube. This was considered a fair margin of strength, but subse- 
quent considerations have induced in niauy cases an increase of 
tnis margin of resistance to five or six times the maximum 
rolling load and permanent load taken togetlier. 

Owing to the great success in the fii-st examples of wrought- 
iroii bridges, a great demand for them arose in every direction, 
and numbers were made without any regard to principle or the 
laws of proportion so clearly and satisfactorily developed in the 
Millwall experiments. The result of this was the erection of 
many weak bridges, so disproportion ed i\s to be at the point of 
breaking with little more than double their own weight. This, 
together with the bad system of contractors tendering by weight, 
and the employment in some cases of bad iron and bad toorkman- 
shipy have brought discredit upon the margin of strength at first 
considered sutficieut. No construction requires grwiter care or a 
more minute attention to sound principles of construction than 
wrought-iion cirders. The lives of the public depend on the 
knowledge ana skill of the engineer, and the fidelity of himself 
and the contitictors in the selection of the material. 

The defective and abortive structures which followed the first 
successful application of wrought-iron led to doubts and fears on 
the part of some engint*ers, who contended for a margin of 
eight or even ten times the heaviest load, whilst others con- 
sider a much smaller surplus of strength sufficient. In the evi- 
dence given before the Commission on Railway Structures, in 
1848-9, this variety of opinion was fully shown. Mr. Brunei 
allowed the maximum load to be one-third to two-fifths of the 
breaking weight. Mr. Grissell and Mr. May considereii one- 
third sufficient; Mr. Rasbrick, Mr. Barlow, and others adopted 
one-sixth; Mr. Hawkshaw, one-seventh; and Mr. Glynn, one- 
tenth. Ultimately the authorities at WTiitehall appear to have 
decided, but upon what data in uncertain, that the maximum 
tensile strain on any part of a wrought-iron structure, arising 
from the permanent load and the greatest rolling load together, 
should not exceed 5 tons per square inch. This corres|K>nds 
with a strength of at least four times the rolling load and the 
permanent load taken together. 

The requirement of 5 tr>ns f)er fc>qu:ire inch on the part of 
the Board of Trade appears to be fouuiled on no fixed principle, 
and is fur from satisfactory. It is well known that the powers 
of resistance to strain of wroii;rht-irou depend very mucn upon 
the form in which it is combined, and, uuless the proportions of 
the parts are permanently established, the 5 ton tensile strain 
may lead to error. 

I have been led to inquire into this subject with the utmost 
care, not only on account of the imperfect state of our knowledge 
in this respect, but from the want of definite instructions from 
the authorities, whose business it is to secure the safety of the 
public, and enhance the value of these constructions. To accom- 
plish this, I have in the following experimental researches en- 

* OoQtiniwd from ]«|o M9. 



deavoured to arrive at the limit to which a girder may be 
strained without injury to its powers of resistance. 

During the years 1858-9, 1 was engaged in the construction of 
a viaduct of 230 feet span, for the pun>ose of carrying the In- 
verness and Aberdeen Junction Railway over the river Spey. 
Concerning this viaduct an impoi'tant discussion arose between 
one of the government inspectors of railways, Capt Tyler, R£., 
and myself, having reference to the margin of strength necessary 
to prevent disruption from the strain and vibi-ation of the passing 
load. It has been thought by some that lon^-continued impacts 
ultimately destroy the cohesive properties of oearas. In ciises of 
extreme loads this has been proved to be the case, both in the 
following experiments and in the eailier ones of the royal com- 
mission. But it is very im))erfectlv known what fraction of the 
breaking weight, operating in a long series of changes, as a 
transverse strain, would in a given time absolutely lead to frac- 
ture. As the designs, calculations, and proportions of the super- 
structure of the Spey Bridge were entirely in my hands, I found 
myself responsible for the security of the structure. My original 
estimate of the strength of the bridge was — 

Section^ area of ti>p 120 sq. inches. 

„ l>ottom 110 „ 

Depth of girders .. 16 feet. 

Span of gilders 230 „ 

Hence, for the centre breaking weight of one ginler, we have, 
from the formula deduced from tlie ex])erimeut8 at Millwall: — 



W = 



adc 110X16X80 



= 612 tons. 



/ ~" 230 

and for the breaking weight of the bridge, with the load dis- 
tributed, 612 X 4 = 2448 tons. 

To this calculation tlie lioard of Trade objected, on the fol- 
io winj^ grounds: — That I did not deduct the area of the rivet 
holes m the bottom web. That I included two packing strips of 
a total area of 12^ inches, which, not having their joints covered, 
did no duty in strengthening the bridge. That the depth ought 
to be calculated between the centres of gravity of the top and 
bottom flanges, thus reducing d from 16 feet to 15 ft. 3 in. 
Lastly, that the constant 80 is too high for tubular girder 
bridges; 74*4 more nearly representing the results of the experi- 
ments. Capt. Tyler's data aro therefore: — 

Area of bottom 99 inches. 

Depth 15ft. Sin. 

Span 230 feet. 

Centre breaking weight of one girder = 

W=^'<H|^?<lii = 488-37. 
230 

Breaking weight of bridge, load distributed, = 488*37 y 4 =: 
1953'5 tons, or about one-fi)nrth less than my own calculations. 

With the exception of the objection as to the packing stripe, 
however, I cannot consider Capt. Tyler's views correct I do 
not deduct the rivet holes, because the formula is obtained from 
the gross area of the model tube, nor can I accept 74'4 as the 

{)roper constant for girders with cellular tops. But in calcu- 
ating the strength of a bridge in which a ])roper ratio is pre- 
serve between the top and bottom areas, the constant derived 
from a similar case is, in my opinion, the most appropriate one 
to employ. It is manifestly unfair to use a constant derived 
from a beam of defective proportions, and composed, as is not 
unfrequently the case, of inferior iron. Again, however theoreti- 
cally advantageous it may be to calculate the depth between the 
centres of gravity of the top and botti^m flanges, it has been 
fotind sufiidently accurate hitherto to take the whole depth, if 
this has also been done in deducing the constant. 

Making allowance for the ab^nce of the covers over the 
joints of the packing strips, the strength of the Spey Bridge was 
not less than 2200 tons with the load distributed; and provided a 
further allowance were made for the thickness of the sides, it 
would* bring the strength up to the original computation of 
2448 tons. 

But, in the consideration of the margin of strength, a more 
important difference arises between myself and Capt. Tyler. 
The permanent weight of the bridge between the abutments is 
375 tons, and the weight of the platform 46 tons, so that the 
total permanent load is 421 tons. The maximum rolling load for 
a double line of rails was ultimately taken by Capt. Tyler at 
4(»8 tons, the weight employed by him in testing the bridge. 

Capt. l^ler oontiderB that the ultimate strength of the bridge 

72 



n2H 



TIIK nVlL KNOINKKR AND ARCHITECT'S JOURNAL 



[Xav.l,lMl 



4iii;/lil. l/i Iff ^lt|| or Tivi! liinc^ Um: tytUl rrmxiiinirii rolliiH( Ir^cul 
ikI'JiiI I'i Mm- I'll. 1 1 |iiiiiiiirMiii, I'l/i'I. Thul. in, Uctt. t||i; Hiririi^Ui rif 
ill" i<)ii«y I'.ii'l.'v tili''<il'l iiiiiMiiiii. in 4\ft(i r^ffi/t, irjH!^';i<i of 'M\>Sf 
wli;< Ii I lifii) |M'iVi«lifl f'li ill my I'.'ilciilui.itfm. 

On Mil-, fiilii-i liuri'l, I li.'tVf )i-i-u ;irfii(loiii<'(| to n'p;ar<i iJio |Mr- 
MiiiiHUil. wiiilil. Ill l.lii' luiilf/ii Hfjil l.iif f-niliiifi; lo.'nl hh :ii;tiii(( \ni\n- 

Ii'Mi«|iril.|y. I'I mil f.lm \inii]:iiii/. wiM'flit, I i\t"\Ht:l l)i<7 ij^'riitUlKslit 
'iii'l, iiiii| iiik.-mIi I' l.lii' i'iii;iiiiiii" fi'MiMt;iiii:o t%% llio .turplim 
iilt« 'i^^lli I'll M--)i>ilin(r lli't I'llliii;/ lu.iij. 

'I'll ImiIIi III' l.limn fiiil.|i(ii|-( •.ri-riliMitnl.iii;j; Uir tti:ir|{iii of Hirrri^Ii 
iiiliiiii iiliji-i-linri t iiUjii-Ii Willi vi'iVMiinJI litiiJi^i-M Dif.y n^ytin 
tif'ulv Willi mil uiioilii'l Willi |jii}<<-i' lii'id'^i- ), iIh; fiir;tiioil I 

Inljii-.V JMVi'n Wr.'llnT IiIhIj'iM lllllll ll|ii:.i' «|i'.ilii| l»y l.lm •^ovnMi - 

nil III iiMjiMi-liii'. Tliii l.ii.iM'i' ilir iiii'J.'M* Itn-'iiiii"), llif liii'io rarn 
liii- tliii iii-i'[i iliiiM (in wliii'li lliK ifijliii}^ I'l.'iti i'l Ml. ilH rii.-i.xiniiiiii. 
Willi VI IV liiii'i' liMiljMNi, I'linal ill Mjiuii In jlnitii- ovi-r lIm* < Vili- 
wiiv Mini Mciiiu Mli.iilii, ImiMi liih'i mil (n;in'i«!y <'Vri- In- In.'wli'il up 
<i> Mm* lllllll III Iwn liiiM pi r ruiil, iiiii. Nfiw, liii> riulL nt' llm 
iilliitvriiii'K III .iJMii^M.li ili'iii.uiiJMil li\ Mil' IImmi'iI III* TiMilc .'ippi'iirrt 

10 nil' lllllll, Mill, li ImI.i-i III! Ml inil. i.l' lliii T'li'l.. il- proviilfM 

)iii<l>>i I U'liii li I min Mil ii 1 liiif'Jv iilinii^ ill piiipol'lioii In llirit' 

wiiiK lilt iliiiMpMii i.t iiH'MMMiil lli'iH'M tliM ( 'iiMw.'iy l>i-iil;.n*, Htr<in«^ 

iIIhI •IlirnlijiMI'i ll ll.lt pniXnl il.tfll, (lni"l lint iiNirli tin* liiiir^iii 

■ il tiii>ii|rHi wliii'li I III* jlii.iril iirTiiiiii* i-iM|iiiii*M. Ill lai'l, in nnliT 
III iMiiiK II III lliiil itl.inil.inl, 11 iiiiimI 1m> tiu'rr.'tMiMl In nl li'.'iHt live 
lllllll ill piHiiiMil. riln«ii".lli, nini'i*. willi liridiM'^ nf Niifh Npnn, 
*'M'i \ ihlilliiiiii III iJin nlii'iit'ili jiilil.i :il.ii> in :i lii;',li ilt^'i'i'i* I*' Hi*' 

pi-liiiiiliiMll \MM>>,li1 III' tlir |ii|i|i<f ll |i«niaiii.4 (lli'lfr<it-i« In lir 

I Ii'ii'il linw In III!' \MM".hl i«r luiil'.^i"! nl' Iju'^o Hp:in fii'ts liy 

11 1 iiiiMltii in niil.iiMiiilMm In ilii' rnlliii^^ ln.'i«I. 

I tn l]|i< nllipi h.iiiil. Mm lull* I li:iM* PiiiplnyiMl dnrs npnoal* to 
pin>i.li' ImiliM' I w Itirli, III Xi'i'Y I.'irj'i' sp.-ni^, :iiv >\r:ik«'i- in prn- 
p«ii limi tn MiiMi- wni K Mi^in in miii.iH Mpjiiii. Within Mio limits in-di 
liitiU iripinnl. Mi:i( it iml i*\('iMulin>*. lUHH'oot Hp.'in, 1 li;ivo not. 
iniMid iMiil-i'M iin prnpniliniii'il In nil'iM" ."UlY sijJIlM nf Wi'JlknosS. 

rill' iliiMi-Mi nl' till* ( 'nnw.ix and Hiitaimia liritl>;:oM, altlinU};h 
t'nii .idol i|il> in i'\i'i"4i nt' Miv linit'M till' inlliin; Inaii, is nrvoi'tlu' 
1.'-. mu.-lt IHMHI In tli.'il Mian Mn* prnpni-linn ot* livo {own por 
'••plan* ini'll of •iisMinii. 

I li.ni' diaxMi ♦•ur\r'« Nlmxxinv. tlio rrla linns nf .slroni;th, xxoij^ht, 
and '.p.ui wlui'li ail' j^^xi'ii 1m Mn* i nU". I liaxi' disiMissod. l»i»t\vivn 
111.' liiMilN t.|' M\ :\\u\ |i»»» tool Mp.in v'..'.« rial«» \ \ \ P Tho dotted 
lin.". topit'..'nl M\o lalin nl' \\w i-iMitii* l»ivakint; wi'ijiht ot* tho 
l>nd<'.> tn ill '.pni. indlli*' iat»t»oMlii' ]>iM')nani*nt wriijit ol'tho 
iMid 1* i«» llu' -.pm. wli.itrXiM that max W. I'lio Maok linos ivpn»* 
•i,'iii Mil' ■. mil' I ill. "I a%-«\Mdin>^ to in> t'xxn vnli's. 

111.-..' .MMXi". -dinxx KiinI, that tnv si>:;n«« ,»t' li'ss than 100 t\vt 
Ml.' li.Mid nl I'l ido inh' j'.ixiw >xoak»".- hiido*** Mian n\\ oxvu. 
f». . .'ii.l. M»ai :n x.-ix lai«>» '•jMii'* Mn* r».u>l nt Ttado vnlo j;ivrs 
I'li!..-. .'11." M'.*;v.'x -.i;,".!.',*'!- tlnu ni\ nxMi. Tliinl. thai at or 
h." \< ;r.M,-. t .'{ v;.»iu i:i,' Imr.i -.n r»' ^*-h«'.i a' \xV'..-h it i> praoti- 

s'\.\ |»n-.iMn In ,*l>.'»-. t;il»nVu' i;-*'^'*'^' l*iid\0^ *»t" Mli' Mil;." p'.V- 
pn; .-.'n. .IV il.ns,' a»"'.\»"<i< Mm I'.'nxxax nr M.Mi.ii S'.raits. in x\l,ii»h 
;'■..' '.lixsjumn '.{I x:n ii^ss r..M r\.\N\i M'O l»*\ai\\ .*f 'IVa.n* sTand- 
v.J. I'hn iN'i.ni'. nj' Mt.n i* t*lO h'.*.!* VaV.** '.\\ N\h:***l MlO wci^hl Ot 
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Thi4 beam haviofif been fixerl 8ecurelj, aa will be seen by refe- 
rtiUftn Vt the illiiHtration (nee C. E. 6f A. Journal^ vol. xxiii. p. 2o7), 
the f:xp(;rini(.'ntH wore cmnmcuceil. In the wooilcut referred to, 
A JM a Hhaft and pulley driven by a water-wheel; B a wheel and 
pinion ^ivin^ motion to the connecting rod C, which lifts the end 
of thr* l4;vfr and load from off the l>euni, sliown in section at D, 
wiUi thi* Hhai:kl«f and cliji a. At the lower end of the conuect- 
iii;^ rod (* ih a kIoI, niadc fur the i>urpo8e of allowing the load 
to i;iinii: fairly ii|Hin the l><;am iH'lore the next suspension: £ is 
tin: h;vi;r, and K iho Hwile, for rej;ulating tlie weight. On the 
t4«p flange of the licain w:ih stretched a gauge to ascertain the 
di-lhrctinriH diuing the changes and vibrations j)roduced by the 
difli-rrni loa.ls. liy means of a water-wheel tho continual lift- 
ing and releasing of the lever was contiuue<l night and day, 
and tins numhiT of changes of load was registered by a counter 
at i). 

The t-'Xpcriments were conmieuced by loading the beam to 
within a fourth of itA breaking weight, and starting the appa- 
raiuH. After more than half a million of changes of load the 
lH>am appt^arod Lo have sustained no injuiy. 

TxHM': I. linnn huulnl to om-fonrfh of Ifg hrtnkinfj icdyht. 

Tiital iiiiiviiii,' load .I.^^OI* ih. 

I'lrinainiit. l.md ^nrhulf \vri;;ht of the lieaiiil 434 Ih. 

Manriii nf HhiMiiilh l»y hnanl of Tnuh! ... 3'4 to 1. 

Stniin nil iMittiiin llangf .. 4'3o ti.mH per s^^. in. 
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Tho Ivam toi»k at lirst a ]vrmanont set of al-nu: 0"01 icoh. 
whiv-h did not aj^poar lo inoroase afterward?. The beam was 
tlun Mil'ji\'iod to o\', « rin.cni with an inori-ViStd load, equivalent 
lo i-no third tho brtakii;*: xvc:i;!il. 
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Table III. — Load equivalent to one-half the hreal-ing weight. 

Total moving load 100501b. 

Permanent load 4341b. 

Margin of strength by Capt T>'ler*8 rule ... 2*05 to 1. 
„ „ my own rule ... 209 to 1. 
Strain on bottom flange 7 '32 tons per sq. in. 



Date. 


Namber of changet 
of load. 


DcflecUon 
in inches. 


Bemarki. 


1860. 

June 27 

28 


5175 


0-36 


The beam broke. 



The beam was then taken down and repaired; a patch was 
riveted across the fractui'e in the bottom )^ate, so that the area 
of the sound plate remained as before. The experiments were 
then renewed: 158 changes of load were sustained with a load 
equivalent to one-half the breaking weight. The load was then 
r^uced to two-fifths the bi^eaking weight, and 25,900 changes of 
load were sustained. Lastly, the load was reduced to one-third 
of the breaking weight, and the results given in the foUowing 
table were obtained: — 

Tablr IV. — Load equivalent to one-third of the breaking tceight. 

Total rolling load 63.59 1b. 

* 4341b. 



Permanent load 
Margin of strength 
Strain on bottom flange 



3-2 to 1. 

4*74 tons per sq. in. 





Number 


Deflection 




Number 


Deflection 


Date. 


of changes of 
loal 


in 
inches. 


Date. 


of changiw of 
load. 


in 
Inches. 


1860. 






1860. 






Aug. 13 


25,000 


0-18 


Bee. 22 


929,470 


0-18 


16 


46,326 


018 


29 


1,024,500 


0-18 


20 


71,000 


0'18 


1861. 






24 


101,760 


0-18 


Jan. 9 


1,121,100 


0-18 


25 


107,000 


0-18 


19 


1,278,000 


0-18 


31 


135,260 


0-18 


26 


1,342,800 


018 


Sept. 1 


140,500 


0-18 


Feb. 2 


1.426,000 


0-18 


8 


189,500 


018 


11 


1,485,000 


018 


15 


242,860 


0-18 


16 


1,543.000 


0-18 


22 


277,000 


018 


23 


1,602,000 


0-lS 


30 


820,000 


018 


March 2 


1.661,000 


0-18 


Oct. 6 


375,000 


0-18 


9 


1,720,000 


018 


13 


429,000 


0-18 


13 


1,779,000 


017 


20 


484,000 


018 


23 


1.829,000 


0-17 


27 


538,000 


n-18 


30 


1,885,000 


017 


Nov. 3 


577,800 


0-18 


April 6 


1,945,(»00 


017 


10 


617.H00 


018 


13 


2,000,000 


0-17 


17 


657,500 


0-18 


20 


2,059,000 


U-17 


23 


712,300 


018 


27 


2,110,000 


0-17 


Dec. 1 


768,100 


OIH 


May 4 


2,16.5,000 


0-17 


8 


821,970 


0-18 


11 


2,250,000 


0-17 


15 


875,000 


0-18 


June ... 


2,727,754 


0-17 



The following table gives a summary of the results obtained in 
this series of experiments: — 







Table V.— 


-Summary/ of JUsults. 






J 


Load at tmitm^ 






1 










II 

^3 


S 


1 

1 1 


i 




. 


^1 


^ 


'. 
a 


1 


f 


li 


^' 


fS 


^ 




iTi 


Hi 


; 


Tmm. 


TtfM_ 




IDI. 




I. 


SSOfl 


434 


8-4 :1 485 


5*91 


1 mi.7m 


0-17 


DnmjurtO- 


11. 


7406 


434 


2-7:1 5-47 


7'4'A 


4iiV2l't 


0-23 


Uninjured* 


ill. 


10050 


434 


2-^5 :1 7-32 


9^m 


5.175 


0-35 


Broke. 


IV. 


ti359 1 


434 ' 


3'3 :l 474 


fl-42 


2.?27,754 


0-17 


Uninjured. 



In using the numbers giving the strain in tons pr square inch 
of the ffross sectional area of the bottom, it must oe remembered 
that a larger proportion is punched out for the rivet holes in this 
small beam than in bridges. Takins the next column, which 
^ves the strain on the metal of the bottom after deducting the 
rivet holes, we find that the beam Buffers no deterioration with 



straini of nearly 7^ tons per square inch. With 10 tons per 
square inch the beam broke after 5172 changes of load. Now, as 
the limit of elasticity is reached at about 9 tons per square inch 
in ordinary boiler plates and bridge plates, it would appear that 
it is unsafe to load structures subject to a continually varying 
load beyond that point. Within these limits however we have 
no evidence that a deterioration of the structure takes place. 

The results given here apply chiefly to cases where nearly the 
whole load of the beam is a changing load, the weight of the 
beam itself being insignificant It remains to be considered in 
the case of large bridges, where the chief part of the load is per- 
manent and stationary, and the lesser portion only changes, 
whether even greater strains than these would not be suffered 
with impunity. On this subject we have no experiments which 
apply to wrought-iron, but in the case of cast-iron some results 
have been obtained which have an importaant bearing on the 
question. 

In the first place I have shown that where the whole load is 
permanent and stationary, cast-iron bars loade<i with three-f<iurths 
of the breaking weight sutfer very slight deterioration in the 
course of time. Thus, in the experiments recorded in the "Report 
on the Effect of Time on Loaded Cast-iron Bars," published in the 
Transactions of this Association, it was shown that the increase 
of deflection of bars loaded with three-fourths of their breaking 
weight amounted in the coui*se of five years to 0'()04 inch in the 
case of cold-blast iron, and to 0009 inch in the case of hot-blast 
iron: that is, that there was a mean increase in five years of t^J^ 
of the whole deflection of the bar. With a cold-bhist bar loaded 
with above nine-tenths of the breaking weight the increase in 
four years was y-J^^ of an inch, or not more than Yka ^^ ^^® 
whole deflection. These experiments would seem to show tliat 
with a stationary load materials may be loaded with impunity 
within the limit of elasticity, or nearly up to a force calculated 
to produce fracture. 

Secondly, in the case where part of the load changes and part 
is permanent, some experiments were made by the Commission 
on Iron Structures, which gave the following remarkable result. 
That additional loads spread uniformly over a beam increased its 
power of resisting impacts. They found that beams of cast-iron, 
loaded to a certain degree with weights spread over their whole 
length, and so attached as not to prevent the flexure of the l)ar, 
resisted greater impacU from the same body falling on them than 
when the beams were unloarled, in the ratio of 2 to 1. There 
is great difficulty in applying such results as these to the case of 
bridges of wrought-iron, but at least they may serve to indicate 
the direction which should be taken in further experimental in- 
quiries on this very interesting and important subject. 

On some future occasion I may have again to refer to this 
subject. For the present, I would advise that in all beams and 
girders, tubular or plain, the permanent load, or weight of the 
girder and its platform, should not in any case exceed one-fourth 
of the breaking weight. And that the remaining three-fourths 
should be reserved to resist the rolling load in the proportion of 
six to one. 

As a general rule, these ratios of strength would apply to all 
bridges, but the strains would be least on the smallest briilges, 
which, in my opinion, is requisite on account of the frequency of 
neglect of smaller structures. 

I would earnestly direct the most careful attention to the laws 
which govern the resisting powers of girders exposed to trans- 
verse strains; to the best principle of uniting the joints; and, 
above all, to the selection of the best material, which, in the 
parts of girders subject to a tensile strain, ought always to sus- 
tain a test of from 22 to 24 tons per square inch. There is no 
economy in the use of inferior iron for this purpose, and its em- 
plovment inevitably leads to a loss of character in the structure, 
and danger to the public 



On a Bathometer, or Instrument to indicate the Depth o/tfte Sea 
on board Ship wit/wut submerging a Line, By C. W. Siemens. 

Those who are acquainted with the difficulties and expense 
attending the taking of deep-sea soundings by means of a weigh tied 
line, will readily perceive that an instrument capable of indica- 
ting depths upon a graduated scale in the cabm of the vessel 
would be of great advantage, as a means of extending our know- 
ledge of ocean geography. In laying submarine telegraph cables 
through deep seas, such an instrument would be invaluable. 

It oocorrea to the writer that the total attractive force of the 
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330 



TM:' eiVit ^NOlifEER AM) ARCHITECrr'S JOURNAL 



[K0T.1,1M1 



earth most be eenaibly influonoed by the luterpoeitiDu of a com* 
paratively light Babetunce, »uch as sea-water, bctweeQ the vessel 
and the aolid portion of the earth below. This he demonstrated 
geoQietrically as follows: — Aasuming the earth to be a perfect 
sphere of nniform density, two lines are drawn from a point on 
the surface, zii* as to intercept the cii-ciimference at the semicircles. 
A line is then drawn through the two points of intersection, 
which passes thi-ough the earth's centre, and a second line pa- 
rallel to it, touching the circle at its lowest point. It was next 
demonnlrated, that in dividing the solid cone represented by 
these Hues into u number of slices of equal thickness, in a direc- 
tion perpendicular to its axis, each slice would exercise the same 
amount of attractive force upon a body at the apex of the cone; 
the reason being that the mass of each slice increases in the pro- 
portion uf the square of its distance from the apex, and the 
attractive force diminishes in the same ratio. 

It was thus demonstrated that the true centre of gravity of the 
earth in reference to an attracted body on its suiSiec does not 
reside in its geometrical centre, but in a ^'ar!able point between 
the centre and the attracted body. In dividing the sphere itself 
into slices of equal thickness a mathcmaticsJ expression was 
obtaineil, representing the attractive force of any of these slices; 
and in integnUing this expression for a 
series of slices it was the following 
formula: — 



in which Aj signifies the attraction of 
the piece of the sphere sliced off, A the 
depth of this piece, and R tlie radius of 
the earth. In suhstituting 2R for A, 
the formula gives the total attmction of 



the 



earth, A = -- Rjt, 



with 



v: 



agreemg 

NewU>u*s formula. 

Oonuidering that the depth of the sea, 
which is repivsented by A, is exceedingly 
small as compared to 2H, the expression 

L may be entirely neglected, anrl 
2K 

the first formula may be written 

Ai = 2wh, 

4 
Consequently, A : Aj = — Rtt : 2irh, 

or. A, : A =/i : }R 

For moderate depths the attraction of 
the earth may be represented by a very 
obtuse cone, with jU for its height If 
sea-water were of no weight, tlie totil 
attniction of the earth would be dimi- 
nished upon its surf-ice in the propor- 
tion as the depth to JR; but considering 
tliat soa-water has about one-third the 
weiglit (bulk for bulk) as the generality 
uf rock, the actual iliminution of gravita- 
tion was shown to take place in the pro* 
portion of tlio depth to the radius of the 
earth. Accordingly, 1000 fathoms of 
depth would produce a diminution by 
it^^fic I^iTt of the total gravitation, a diffe- 
rence so small, that it appears at first 
Hjght imposttible to construct an instru- 
lueiit capable of imiicating it with sulii- 
cient accuracy. 

The second part of the paper desciibed 
the inRtrument designed for this purpose, 
which consists of a tube containing mer- 
cury, diluted spirits of wine, and coloured junii>er oil. The mercury 
colunni, about 30 inches high, ascends in a tube from the bottom 
of a htrge bulb a*, containing impriscmed air, and terminates in 
the middle of a second bulb a: Tlie remainder of the second 
bulb U filled witli the diluteil spirits, which reach 'ipwanl into a 
narrow tul>e provided with a scale. Up(»n this vests a oolmnn of 
the coloured oil, which terminates in a thinl bulb n\ tlie re- 
m.-iining space being vacuous, or nearly so. This gauge is inclosed 
in a gl.H8 tul>e b, 6, tilled with distilled water, wliich in its turn 



L 



is surronnded with ioe c, e, contained in an outer ciising : the 
latter is suspended by a univerwd joint. The air in the lower 
bulb, being maintained in this way at a perfectly uniform tempe- 
rature, will oppose a uniform elastic foi*ce ligaiust the colamu uf 
mercury, which latter, being i-emoved from all atmospheric infla- 
ences, fairly represents the gravitation of the earth. 

In moving this instrument from shallow water upon a sea of 
1000 fathoms depth, the mei-cury column would rise ^i^^^ (lart o# 
its length in the second bulb; but befoi-e any sensible attraction 
has taken place in the mercury level, the upper surface of th^ 
spirits of wine terminating in the narrow tnbe will have riveu 
sufficiently to restore tlie balance of pressure, and the spirits 
being 20 times lighter than mei-cury the .scale of obsen-ation 
would be increased twentyfold. But the spirit column, in riain^, 
displaces oil of very nearly the same specific gravity, which 
causes another increase of scale at least twentyfold. fiy these 
means a scale of 3 inches per 1000 fathoms of depth is obtained. 

An instrument of this description was tried by permissioD of 
the Admiraltv, and although it was still imperfect in some re- 
sj»ects, its indications agreed generally within TO per cent with 
the results of actual soundings. 

In the course of the discussion which ensued, Prof. Tyndall ' 
suggested that the instrument would be equally applicable fbt 
measuiing heights. 



On same applications oj Ebonite, or Hard India Rubber. 
hy H. A. SiLvtR. 

The material known as Hard India Rubber, Vulcanite, Horp 
Rubber, or in its most perfect condition as Ebonite, was first ob- 
tained by Hancock; although its discover^' was also effected by the 
independent researches of Goodyear. Ebonite consists of india- 
rubber vulcanised with sulphur at a high temperature, which ia 
coutinued for several hours. As in the case of caoutchouc or 
pure india-rubber, the applications of this material were until 
lately extremely limited. It is principnlly met with in the form 
of combs, pajjer-knives, and i)en-liolder8; but its peculiar j»ro- 
perties i)osses8ed render it available for far ni'ae important 
uses. Its acoustic qualities have been utilised in the consti'uction 
of btethescopes, and render it well adnpti'd for ear trumpets, 
for flutes, and sevei*al other wind instruments. Like horn 
or ebony, it may readily be turned in the lathe, although in 
practice it is found ])referable to produce it in moulds of any 
desired form. It is a most powerful — prol»ably the most powerful 
— negative ideo-electric; and from not being liable to fracture, 
it advantageously replaces the glass ])lates of electrical machines. 
From this fact, and from its possessing no hygroscopic attrac- 
tion for moisture, it may be inferred that it is sdso an excellent 
insulator of electricity. A|)art from its application in the form 
of insulators for overground wires, to which I have to direct 
attention in connection with the accompanying table, it is found 
most useful in the insulation of pmctical and philosophical elec- 
trical apparatus. 

A recent and valuable application of ebonite is in the con- 
struction of '* nitrate baths." and other apparatus for use in pho- 
tography, and also for battery cells. In vessels of this material 
the nitrate of silver may, with suitable precautions, be boiled, 
without affecting the solution. This process is sometimes neces- 
sary, and cannot bo performed in vessels either of glass or gutta- 
percha. The batteiy cells, indestructible in other respects, 
resist even the intense fluid he.it produce<l by the addition oiF 
concentrated sulphuric acid of water. In a recent number of 
the Photographic News, Mr. M. A. Gandin calls attention to the 
prejudicial effect upon silver solutions of the tannin contained 
m the gutta-percha of which photographic vessels are now com- 
monly made, llie advantages offered by vess^els combining the 
resistance to fracture of gutta-})ercha with the negative che- 
mical properties of glass and porcelain, and capable of with- 
standing a temi)erature considerably above 212° Fahr. without 
danger of bulging or softening, will be duly appreciated by 
photognipbers. 

In an ornamental point of view, ebonite has been used for 
covering articles of iron or steel, sneh as buckles for belts or 
harness; thereby rendering them unalter.ibh» by oxidation, and 
substituting an equally beautiful material for the metallic sur- 
face, it has been emplijyed as an imitation of buckhorn 
handles for knives, and as a substitution for horn or ebony iu 
buttons, napkin-rings, and various kinds of ornamental work. In 
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the form of brooelets and similar ornaments it advantageously 
replaces jet, to which substance i^ bears great resemblance^ with- 
out being liable to chip or fracture. It has also been used for 
mounting jewellery. 

The tAble of comparative results obtained with glass, porce- 
lain, brown ware, and ebonite insulators for overground wires, 
gives a few unselected tests from the lengthened series by which 
the great superiority of the last-mentioned material is eatablislied. 
It is to be observed that the surface uf the glass, porcelain^ and 
brown ware insulators eonsista of nearly the same substance — 
viz. an alkaline or earthy silicate, posisessed of considerable hy- 
groscopic properties, tlirough which it allows of the passsage of elec- 
tricity by the couductiou of the defxjsit of atmospheric moisture. 
Besides being in itself a better insulator, ebonite is free from the 
hygroscopic property which thus coustitutes so serious an objection 
to the use of glazed insuiatora The non-liability to fracture of 
the ebonite insulators is also an important advantage. It wHl 
be seen by inspection of the insulators constructed of wood and 
cbojiite that the latter material is protected both from the direct 
i*ays of the sun and from rain. To those whose experience of 
overland telegraphy has rendered thorn fainillar with the nu*. 
merous causes which interfere with the efliciency of the apparently 
simple contrivaueea for pole insulation, the inspection of this 
insulator may prove of interest. Ebonite, like pure caoutchouc 
iu the case of submarine wires, appears to be " almost specially 
intended" for the insulation of overland wires. The perfection 
of the means for obtaining the latter is a problem of sufficient 
inip(>rt:ince to have induc-ed me to offer these few brief observa- 
tions nn this subject; being one that is more within the limits of 
mv own observatiou and experienoe than the kindred topic 
wnich now almost engrosses attention — the perfection of the 
means for securing te^graphic communications from shore to 
shore throughout the glooe. 

Table of TetU^ shoving eonparative merits qf Olass, Forcdai/h Bromu 

Ware, atid Patent Eh'tn'Ue Insulators, 
The Hystem comp<^i»ecl of the above detMiription of insulaton fixed on seven 

l)olea, one of each kind on every pole, the whole covering 420 yards of 

manthy Land. 



D&to, &c. 



1860. 
llec. 29, 9 a.ni. 



Dec. 31, 8 a.m. 

1861. 
Jan. 5, 7 a.m. 



Feb. 4, 8 p.m. 



Feb. 8, 9.45 a.ra. ^ 



March 12, 
6.30 a.in. 



March 80, 
9.45 a.m. 

March 30, 
10.40 a.m. 



Deicriptiun of in^ala- 
tor, and rosnit. 



Porcebiin . 8° 
Glasrt . . 26 
Elwnite . 

PoTcelnin . 14** 
G1a88 . . 33 
Ebonite . 

Porcelain . 7" 
GLuM . . 45 
Elhmite . 

Porcebin . 90° 
Glass . . 90 
Brown ware 90 
Ebonite . 

PorceUin . 67° 
Glass . . 67'5 
Brown ware 90 
Ebonite • 02^ 

Porcelain . 15** 
Glass . . 90 
Brown ware 75 
Ebonite . 0*50 

Porcelain 297** 

GlnsH . 915-75 

Br. ware 519*75 

Ebonite . 2*25 

7 Porcelain 36° 
28 Ebonite 1*50 



Tempe- 
rature. 
Fahr. 



17 



35 



32 



-40 



46 



Elo- 
mcntfl. 



12 



12 



91) 



14 



90<j 



354 



24 



Stele of weather. 



Dense f off ; wires 
and insuktoni co- 
vered with frost. 

Great thaw, and 
^«ggy; everything 
damp where ex- 
po«ed. 

Snowing and damp. 



Night fine. 



Thick and heavy. 



Rainuig heavily, 
with much wind; 
had been raining 
all night. 

Kaining very hea- 
vily since 7 a.m. 

Fine— sun out ; 
rain ceased since 
10.25. 



Note. — In the last experiment the number of porcelain insulators used 
wari 7, the leakage 36"*; whilst 28 ebonite insulators (7 each of four diffe- 
rent shapes) were used, loss 1*^ 50': it follows therefore that the escape in 
]K)rcebin must be X by 4, which gives tho following nwnlt:— 

fjoss in porcelain insulator* ... 144" 

Loss in ebonite insulaUns 1'50, or nearly 100 times less. 



On Property Hi InvetiHeA», and itaWtcU' ofi the )4ttr aM Matto^ - 
Jaeture9\ ' By TnoMtAs WfttoffTER, M;A:.i' F.'ltS: m 

To deny to Uie creatii/D.-^ and la^ur oJ[ lliii ujiud that pt^. 
perty auil prptectfou l>y Hiu civil pQ:wer wEidi is given to the. 
skill of the h?wi4|0r to ImJi!^^ UUxii/rt.j.p, in ffiTe^itj to toake lutcl-. 
lectual of lip account ,cv^ e^^uijuux^tl, Willi v*by,^ic!il kb^nr; and to; 
give a predominatiiJi^ iu^tit^nce to cfipitaj^ rjiinl ibc*^ otliof repr^ 
sentativea of accumnktt^d tiboi^r which ro^) 1^* profiUbly eft-' 
joyed without luiy irmh. mtt^Vvm ^f uiitnl rn ex ere; be rif iuv!?iitlye. 
faculties. Gonai^Uratious of public piKoy hivp VA to certiiii" 
rules, lawH, or regulaUou!^ ceanectiug tliu Ubiu Jind enjo^'mi^nt of , 
all pro[>erty J properly in lau^^ nijci cl^teJLs m]i;y t>e eiijoy^d for 
the whole term of tlie ualiuaf fUfe''g|' tl^e, ocoupant,^ or by ihft. 
family pr suty;easao,r of^uch ocL'upa^t,hwt,aiiclj^uceeaaqris me rely. _ 
the creature of positive l4wa iiiia pyblic pn^cy; ^i^d the comiiiOii-|^ 
wealth iu aUowing m^^ Bucct^^^aion, *>r aliinVni^ by the arm pf 
the law and d.vil power that i>^*^'t^^-'^i''^^ wbirli i^ esaenlisil to the 
very Dotiou a^d exi^t^uce ^f pipperty in a civilia^d countryj'or 
wherev^r might i^mn »Qt copsti^ut^is^riglL a.^i in what man- 
ner such sai?ceiMiion ih^l, i^lfr^ fifegftj^i^f ,|^ ^^ 
pcrty should 1)0 enjoyed. . 

If occupancy anu possession b^ the true principle to which th^ 
origin of property is to be referred, the inventor ha9 a peculiar 
claim to its recognition, and claims in respect of any improve- 
raeu* in the arts and manufactures — the produce of his own 
brain; he has the absolute control of tlie iuventibD; he may give 
it to or withhold it from the pahlic:/Dnt so soon as such im- 
provement becomes embodied in .au art or maauiacture accenlble; 
to the public, the i-ight of .eKqlusive ponsess^oj^ .JU gone, the secret 
has been disclosed, and may be practised bv anyone; <^Dd thus thq. 
lalMiur of many years may , be <a<lopted by he who wills, and 
enjuyed by the public without ,i*eKunncratioii' or reward, unles.i 
restrained by the municipal laws of the country. To say that' 
an inventor may keep his secret ia to propound an impossibiliiy 
in the majority of cases, and in the few cases in which it would 
l>e practicable, thie effect would be to convert hi8 art into ttiys^ 
tery, and tore-introduce practices long since extinguished arid 
condemned. 

These general principles are not, as I understind, contravened 
by the supposed opponents of the patent system; the justice of 
rewarding the meritorious inventor is admitted. Further, it /6 
not denied that patents may have been beneficiid iu the earlier 
stage of the arts and manufactures, but it is said that such a 
mode of reward is bjid, and contrary to the principles of free 
trade — that some other system of rewarding the inventor should be 
adopted; and that dauntless spirit which, in matters of estiblished 
trade, Ciist i^ the trammels of protection, is called upon to eman- 
cipate the arts and manufactures from the excess of protection 
by which they are borne down, and to correct the injurious ten- 
dencies of dass legislation when opposed to general freedom of 
action, and to declare patents for inventions to be monopolies 
which are alike odious and injurious to the real interests of the 
inventor and the public. Tliese views appear to me to involve 
several fallacies. 

The principles of free ti^de, or of unrestricted competition, are 
not applicable to a trade which does not exist; tlic creation of a 
new trade, to which when created the principles of unlimited 
competition should be applied, is the object of protection for u 
limited period; and until such trade is created or established, 
that which exists oannot be the subject of any grant, which must 
be the working or making of some new manufacture. 

The doctrine of /raa/fYv cannot be recognised in the arts and 
manufactures any moi-e than in political or social science; pro- 
gress should be our watchword. Who will venture to assign any 
limit in the succession of improvements in the adaptation of tlie 
elements of nature or art to the requirements of man '\ The ma- 
chines and processes of to-day arc the elements ont of which 
each new work is to be created; and whatever may be the ex- 
haustion appearing to have taken place of mechanicid elements 
and mechanical combinations, who can venture to assign any 
limit to the productive applications of light, heat, chemistry, and 
electricity. The mine of gravitation may have been well worked, 
but we are only just breaking the soil of those other w(Mi<lerful 
agencies by which we are surrounded. It is the province of the 
philosopher to discover and to analyse what exists in nature, but 
it is the province of the inventor and of the manufacturer to re- 
combine, create, and produce new forms and products. 

It waa said by Aristotle that there existed only three steps of 
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cootinuance in art — namely, theory, contrivance, and production; 
this observation is equally applicaJole to manufactures resulting 
from mechanical skill: but it is the contrivance and production 
alone which can be the subject of property in patents; an idea, or 
that which is matter of theory only and not reduced to practice, 
cannot be the subject of letters patent. An idea must be em- 
bodied in some contrivance, and many of the objections to patents 
are founded on the attempts made by inventors, in which they 
are sometimes successful, to obtain property in that which is not 
legitimately the subject of invention. To permit this is a defect 
arising from the maladministration of the system; it is no objec- 
tion to the system itself. 

Let it not be supposed in making these observations that I 
am not deeply sensiole of the many defects in our patent system. 
It cannot be denied that, in the language of Sir W. Armstrong, 
an excess of protection exists: the promoters of the reform re- 
sulting in the Patent Law Amendment Act, 1852, pointed out 
and predicted many of these defects, being deeply sensible of the 
inherent difficulties and probable defects of the system; but I do 
not hesitate to assert that a very large proportion of the objections 
made to the patent system and existing defects are due to the 
neglect of the precautionary measures provided in the act never 
having been taken. 

If it is true that the public are suffering from an excess of pro- 
tection, it is in great measure due to the non-administration of 
the system then established. It has been said that eveiy inventor 
is compelled to be a patentee; but he may make a record of his in- 
vention at a small expense and no one else can patent it. The 
interest of the inventor is put forwaixl as an objection to the 
present system, and it is suggested that he might be left to the 
gratitude and liberality of the employer in whose service he 
may be engaged. Tt would V>e a thankless task to recount the 
many instances within my own knowledge in which contests 
have arisen in the granting of patents between the workman and 
his employer; and if asked what portion of the new system was 
to be viewed with the greatest satisfaction, I should most unhesi- 
tatingly point to the power by which the artisan by a simple 
document of his own preparation may obtain provisional pro- 
tection and inchoate rights, at a cost within his well-husbanded 
resources. The manufacturer who has a large capital embarked 
in an existing trade is not indisposed in the majority of cases to 
let well alone; he can hardly be expected to view with favour an 
invention which will leave him behind in the race of competition, 
unless by the abandonment of existiug and the substitution of 
new machinery. The question of property in inventions is pro- 
minently a working man's question, and if there are bands of 
Hcheroers who have to rue the day wlien they were drawn aside 
from their daily routine by the alluring prospects of invention, 
there are many in this city who can pomt to the patent system, 
with all its defects, as one of the rounds of the ladder by which 
they have been enabled to obtain and enjoy their present honour- 
able position. 

Whatever conclusion may be arrived at as to the benefit con- 
fened on inventors as a class, and in the aggregate by the patent 
system, can any reasonable doubt be entertained as to its bene- 
ficial effects in stimulating pn gress in the arts and manufactures? 
It has been well described as a forcing system; the stimulus 
cannot be doubted, it is assumed and urged as an objection to the 
whole system. 

An invention requires a careful training — it must be adapted 
to the requirements of the public, and the public must be pre- 

1)ared for its adoption; the process is one essentially of education, 
f such an education be necessary, how can it be attained but by 
enabling the parent to have that enjoyment of his property — use, 
so to speak, and service of his child for such a period as may be 
Kiifficient for the education of the child and the rewani and re- 
muneration of tlie parent. Instances illustrative of the above 
will crowd on the minds of all persons conversant with the pro- 
trress of the arts and manufactures. Would the enormous 
(Capital in manv cases essential to the creation of new trades 
have been applied if the experience so dearly bought could be 
adopted at the will and pleasure of another. But it is said, that 
in tne advanced and rapidly-advancing state of practical science, 
that patents are obstructive, or in other words, that pereons in 
carrying out their own ideas find they have been anticipated, 
and that they cannot run on a particular line without the con- 
sent or payment of toll to some prior occupant. That such an 
r»l»6truction m»j exist cannot be denied, but the actual instances 
of such obstruction are more imagiuairy than real; it would be 



desirable that the instances should be cited, that the vftltie and 
real nature of such obetruotion should be estimated. The law 
admits of successive patents for successive improvements, and a 
subsequent inventor cannot use the property of a prior inventor 
without his consent Obstruction frem this cause is of rare oc- 
currence; it may exist, but it is the interest of the owners of 
such property, and may safely be trusted in the majority of caaee, 
to insure an arrangement beneficial to both parties. The remedj 
for any such case of real obstruction is obvious: apply to the 
ownera of property in inventions the principle whidi has been 
so beneficially applied to the proprietors of land; let a person 
have the power of claiming a licence on payment of such a sum 
of money or on such terms as may be settled in case of difference 
by arbitration. The supposed sanctity of property in land has 
been invaded by the provisions of the Land Clauses Conaolida^ 
tion Act, and a clause introduced into every patent would pro- 
vide an effectual remedy for the grievance in question, whether 
real or imaginary; the power to apply the remedy would eradi- 
cate the disease of the system. 

Property in inventions is the only means yet suggested of re- 
warding the inventor; but the creation, duration, and enjoyment 
of that property may well become matter of municipal regala- 
tion, towards which the experience of many in this city cannot 
but fail, and I look forward with confidence to the result of thin 
meeting as leading to a combined operation for attaining another 
great — if not a final — instalment of reform. It is essentially a 
working man's question, whatever relative position in society 
that man may occupy: it is one form of the contest between 
capital and labour — of that intellectual toil by which, as civilisa- 
tion advances, man is to fulfil his mission to subdue and re- 
plenish the earth. 

On an Electric Resistance Tliermometer with Balancing CoiL 
By C. W. Siemens. 

The Philosophical Magazine for January last describes a method 
which the author had occasion to resort to for ascertaining 
the temperature of the interior of a mass of electric telegraph 
cable, suspected of spontaneous generation of heat. Coils of 
copper or platinum wire of known resistance were placed among 
the layers of cable (in coiling it), and leading wires were brought 
to an observatory, where the temperature of the cable could at 
any time be ascertained, in measuring the actual resistance by 
means of a Wheatstone Bridge arrangement and in comparing 
the result with the resistance of the same coil at standard tempe- 
rature. The electricjd resistance of a well-annealed platinum or 
copper wire increases in a very uniform ratio with increase of 
temperature, which enabled the author to determine the latter 
with a remarkable degree of accuracy. In endeavouring to sim- 
plify the arrangement he has succeeded in dispensing with the 
Bridge arrangement entirely, and, in fact, in reducing the obeer^ 
vation to the reading of an ordinary mercury thermometer. 

The apparatus consists of a differential galvanometer, and of 
a bath of water or oil, the temperature of which can be changed 
at will by opening one or the other of two cocks, the one bringing 
a supply of cold, and the other a supply of hot liquid, an overaow 
pipe being provided to prevent accumulation. A battery of from 
four to eight cells is also provided, besides a number of electric 
coils, consisting each of a certain length of thin insulated platinum 
wire, inclosed m a sealed metal tube. These coils having been 
carefully adjusted in the first instance, so as to offer equal resist- 
ance at one temperature, are connected to insulated copper lead- 
ing wires of comparatively large sectional area (No. 16 B.W.G.), 
the ends of which are brought to the binding screws of the appa- 
ratus, to be inserted when required into a cireuit including the 
battery and the galvanometer. These thermometer coils are 
deposited at the places where the temperature is to be obseryedy 
exceptingone, which has to be reserved for comparison with the 
others. This last-mentioned coil is (through ite leading wires) so 
connected as to form an electric circuit with the battery and the 
second coil of the differential galvanometer, and is immersed in 
the bath before mentioned. It is evident that if the temperature 
of the bath should be the same as that of the place where the 
thermometer coil under examination is deposited, the two electric 
currente proceeding from the battery will meet with equal resistp* 
ance in the two cireuits, and in passing the two smnds of the 
differential galvanometer in opposite directions will prodnoe no 
visible effect upon the needle. If however the tomperatnrea of 
thermometer and balancing coil should be oneqiial, the needle 
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will be deflected by tbe preponderance of current in the cooler 
circuit, ehowinff by the direction of its deflection whether cold or 
hot water shomd be added to the bath to establish equilibrium 
of currents. When this equilibrium is obtained the temperature 
of the bath is obsenred by means of an ordinary mercury thermo- 
meter, which temperature must be identical with the temperature 
at the distant place. 

In dividing the thermometer coils into two portions, the appa- 
ratus is rendered applicable for observinff wider ranges of tempera- 
ture than can be directly obtained by the mercury thermometer. 
In this modified form it may be used for pyrometrical purposes. 

In measuring the ordinary temperatures, the employment of 
equal and undivided coils is however not only the most simple 
arrangement, but has the advantage in its favour that the accu- 
racy of the observation is not depending upon the rate of varia- 
tion of resistance being uniform or even accurately determined. 
The heat produced in the coils by the electric current employed, 
affecting the two coils equally, is also completely compensated in 
using equal coils. 

The late extensive conflagrations of hemp and jute have sug- 
gested to the author the iika that these instruments might be 
applied with advantage in detecting in this way spontaneous 
generation of heat, or in meteorological and other scientific obser- 
vations where maximum and minimum thermometers are at 
present used. 

On the Amount of t/ie " Direct " Magnetic Effect of the Sun or 
Moon on InstrumerUs on the Earth^a Surface. By G. John- 
stone Stoney, M.A., F.RS. 

In the Philoeophical Magazine, for March 1868, Br. Lloyd 
showed that the observed disturbances of the magnetic needle, 
depending on the hours of lunar and solar time, follow laws in- 
consistent with their being due to the direct magnetic attraction 
of the moon or sun. Hence it might be too hastily concluded, 
from the absence of observed effects following the proper laws, 
that these luminaries are not magnetic. The design of Mr. 
Stoney's communication was to show that, though as highly 
magnetised as the earth, their direct effects would be almost 
inapprecijible. 
'The maximum moment which the moon could impress on 

the needle was first ascertained to be 2 ~ ; where M and M' 

1) 
are the magnetic moments of the moon and needle, and D the 
interval between their centres. It was then shown that we«may 
substitute for the moon a glohe a metre in diameter, of equally 
magnetic materials, and placed at such a distance as to suotend 
at the needle an angle equal to the greatest apparent diameter of 
the moon as seen from the surface of the earth. By applying to 
the problem in this form the numerical data elicited from the 
observations by the wonderful genius of Gauss in his memoir on 
the magnetism of the earth, the greatest direct disturbance which 
tlie moon, on the hypothesis of its being of as magnetic materials 
as the earth could produce, proved to be less than a tenth of a 
second of space on the decimation needle, and less than the 
twenty-seventh on the dipping needle. 

The observations with which these are to be compared have 
been made at several stations. The principal part of the observed 
lunar-diurnal variation consists of a term depending on twice the 
lunar hour angle, but there is also a small term containing the 
simple hour angle. This latter is that which^ as Dr. Lloyd has 
shown, the direct action of the moon' would eflfect, and General 
Sabine has determined its values at several stations scattered 
over the earth, in calculating the formula) which best represent 
the observations. These values range (see the second vol. of the 
* St. Helena Observations*) from (fAS up to 2''04. There is there- 
fore no ground for presuming, from the minuteness of the 
coefficient, that the moon is not of as magnetic, or even much 
more magnetic, materials than the earth. 

If the comparison with the earth be made mass for mass, 
instead of bulk for bulk, the above disturbances must be re<luced 
in the ratio of the moon's density to that of the earth — ^that is, 
to about two-thirds of the values already given. 

The same method of course applies equally to the son, and 
whether his magnetic moment be conceived of as exceeding the 
•ai'th's in proportion to his mass or to his volume, his maximum 
influence will oe even less than that assigned above to the moon — 
£or he never attains an apparent sise as great as the maximum of 
the moon, and his density is only about half that of the moon. 



ARCHITECTURAL ACCESSORIES OF MONUMENTAL 
SCULPTURE.* 

By F. P. COCKERELL. 

The subject of the Architectural Accessories of Monumental 
Sculpture embraces so wide a field of research, and the line to bo 
drawn between architectural accessories of sculpture and sculp- 
turesque accessories of architecture, is in many instances so little 
defined, that to draw that line, and to sketch even superficially 
the leading features of the whole subject, would be matter for a 
volume. The narrowness of the limits of one eveniug^s paper 
therefore constitutes in itself an apology for its incompleteness. 
All that can be done is to point to a few examples of the ancient 
schools, and, where the actual examples are wanting, to quote 
the authority of those who from the obscure hints of ancient 
historians have brought to light some of their principles of art. 
And if we compare with the few examples that remain the 
efforts of our modern schools— our own especially — we shall timl 
that, obvions as these principles may aj)pear, they have been 
sadly misunderstood, and too often utterly ignored by our artists. 
Perhaps the' fault will be found to exist, not so much in the 
want of talent in these times, as in tlie spirit of utilitarianism, 
which, by insisting on the union of the artist and the tradesman 
in the same person, limits the artist to a single branch of art, and 
practically ignores that union of the three sisters in which alone 
true strength in art can be found. 

Taking as an axiom that the object of a pedestal is to give 
dignity and importance to the group or figure which it supports, 
rather than to act as an architectural feature having a primary 
importance and interest of its own, our first desire in studying 
the subject is to find some fixed principle of design and rule of 
proportion to guide us in our combinations, such as are found to 
exist more or less positively in the architecture of every school. 
But if in the' study of the present subject we turn to architecture, 
it seems at first sight to offer but little assistance; for when once 
we have established that the object of a pedestal is to give 
importance to the feature which it supports, the analogy in the 
application of the ])ede8tal in the two arts seems to stop; for the 
precise and geometrical lines, and the spirit of line and rule, 
which constitute the essence of architecture, have nothing in 
common with the flow of line — the ever-varying, and as it were 
accidental forms of sculpture. Yet though it may not be possible 
to establish a direct and palpable parallel, or to apply the rules 
which govern the proportion and form of architectural pedestals 
to those of sculpture, still, the spirit which pervades one branch 
of art will be found to exist in the coeval works of the sister art, 
and a thorough acquaintance with the one cannot fail materially 
to assist us in our study of the other. 

If we compare the few remaining examples of architectural and 
sculpturesque pedestals in the antique schools, there will be 
found a coincidence of principle in each school which will affbnl 
reasonable ground for adopting the architectural principle where 
examples of the other are wanting. We cannot enough regret 
the scarcity of authentic information on the subject of Greek 
pedestals, but such hints as are atforded by written descriptions, 
and the paintings upon vases, &c., should be regarded as the 
Sybilline books, and turned to account as best we may. It is no 
platitude to repeat that the Greek school is that from which all 
that is good in art is derived, more or less directly: it is that 
which beyond all others evinces the deepest thought and the 
most unerring principle, and which is least subject to that caprice 
which so frequently bewilders us and throws us oflf our scent in 
modem schools. Horace, in the often-quoted passage — 

'* ExemplariA Orseca 
XoctarnA veraaie manu ronutte dianift,*' 

— says only what scores of writers and artists of all times have 
said or implied, if not with the same eloquence, with equal 
insistance. 

Of the earliest style of art but little need be said, for though 
the monumental sculpture of the primitive schools of Greece 
(commonly called the Diedalian school) and of Egypt has great 
and peculiar qualities of its own, they are not such as will 
materially tend to illustrate the subject under consideration. It 
is not unworthy of remark, however, that the coincidence be- 
tween the works of architecture and sculpture which we shall 
find in other schools exhibits itself also in the primitive works 
by the fewness of parts and the almost entire absence of those 

• Fftper wA at the £ojral Instiiat« of British ArchitecU. 
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aeoessory features (as the pedestal) which are used in other 
schools to give scale and digiiity to the leading features, and 
which the massiveuess of the rorms in the earlier schools seems to 
render less neoessfiry. In Egyptian and Assyrian architecture 
the ooluiuns generally stand upon the ground, or, where they 
are raiserl upon a stylobate (lis, for example, in the small temple 
at Philoe, commonly caller! the Bed of Pharaoh), the latter is of a 
height which gives it rather the importanoe of a leading feature 
than an sicceaeory. The pedestal, properly so oUled, belongs 
altogether to a Uiter and more complete style of art, and seems a 
natural step in the dev ^lopmeut as well of sculpturesque as of 
architectural composition. Even with the Greelcs this feature 
is but rudimeutariiy treated in the earlier works, the stylobate of 
three steps (ic^rt^w^s) bein^r the only approach to the idea of 
a pedestal until the intn>lu^tii>ii of the Ionic nnler. The Temple 
of the Giants at Agrigentum is the only example that I am 
aware of in which a bise is applied to the Doric order. This 
and a gi-eater numoer of steps in the stylobate seems to show a 
markeii progress in the development of the principle involveil in 
the UHe of the pe^le^tal. Ah in the earlier architecture, so in 
the sculpture there is an entire absence of what may properly 
be called a pelestal. The sphinxes of the Sricred Way at 
Philoe have only a low square plinth, withont architectural 
features of any kind. Tlie colossi of the plain of Thebes, of the 
rock-cut temple of Ibsaniboul, and many other examples, are 
treateii in the same way. It should be observed however that in 
none of these exaiuples is the secret of scale — namely, the subor- 
dination of parts and gradation of dimension — entirely omitted, 
though it is not applied by means of architectural accessories. 
The c<*loMsi aiv siirn»unde»l hy smaller tijgrures of nymphs and 
divinities, and the sphinxes and 0:1 ry at id figures have hiero- 
glyphics and incised ornaments nf>on the square plinths, which 
assist materially in giving im|)ortHUce tf» the principal object 

Of archaic Greek sculpture of monumental scale and character 
but very few examples exint. The sitting statues of the s^icred 
way at Branchidoe, one of which in in the British Museum, — 
those cut in the roek at P.ilazzuoto, the ancient Acroe, in Sicily, 
— and a colossal lion, also cut in the rock, at Naxos, ai*e some oif 
the oxpmpleH that I can rjuote. PnnsuniiLs mentions and gives 
descriv lions of several which it wouM be foreign to our subject 
to reier to. These are very siiuihir to the £;jyptian sculpture, 
and are evidently derived from it: and they always exiiibit the 
same al>seuce of architectural accessories. There are many small 
statuettes of the Dee ialiriii school, which were no doubt in many 
cases copies of colos«il stitues, and were used as votive offerings. 
Their pedestals (if any) have not l>epii preserve<l. One of the 
volumes of sculpture published by the Dilettanti Sodety gives an 
example of a statuette of Minerva of this character, whi<'h has a 
pedestal. Tliis is clesrly a ciipy of a colossal statue, but it is 
highly proljiible that the pjvlesUil may have been added to the 
onginal statue in later times, as in the case of the Apollo of 
Amycloe, and in other instances. 

Having thus briefly noticed the earlier practice, and the absence 
of the feature which forms the substance matter of our conside- 
ration, we now come at once to the great times of art, when 
sculpture ha«l reached its highest development, and when, as we 
may naturally suppose, the architectural accessories had reached 
the same pitch of perfecti<m. It must be a matter of jjreat regret 
that the sources of information upon this subject are so few, and 
that of the thousamls of statues which adorned Athens and other 
groat cities of Greece, none of the peflestals remain; so that the 
scanty descriptions given by Pausanius, Pliny, and other writers, 
and the conventional representations on vases, are the only sources 
of information. Wo may however derive some assistance in 
developing the.:.e scanty hints from the architectural pedestals of 
the perifKl. 

The school from wlii<jh oiir modem pi*actice is chiefly derivetl 
— if indeed it can he sjiil to be derived from any school at all — 
is the Roman; a mere vulgarised imitation of the Greek, in 
which the substance is copied but faintly, and the spirit not at 
all. In lookincr through the examples of Greek ai-chitecture in 
which the ]>edestal occurs, one is struck tirst with the relative 
importance of the dimension of the column to that of the pedes- 
tal, in wliich such a marked diflerence from the Roman appeaiu 
In the Gi-eek the |)edestal never exceeds the height of the entab- 
lature, and is more generally about one-sixth of the height of the 
column, while in the Roman the proportion is usually not less than 
one-fourth. There are some examples of Roman architecture in 
which the Greek system has been adopted, as in the temples at 



Assisi and at Pola, and in the buildine called the Incantada, at 
Salonica. In the latter the pedestal is less than one-eighth of the 
height of the column; but these are exceptions to the Roman 
rule. The loftiness of the Roman street architecture appean to 
have rendered it necessary to elevate the order in public baild- 
in 1^8 and temples upon a higher pedestal, so as to give it a proper 
importanoe in relation to the surrounding houses. This neoeenty 
would hardly be felt in the same degree by the Greeks in their 
less crowded spaces. A second and not less important cbarme- 
teristic of the Greek pedestal is, that the width of the die is not 
much larger than the diameter of the column itself (namely, 
about one-sixth of its height); while in the Roman the width is 
equal t^i that of the Kase of the column. Thinlly, the Greek 
die commonly diminishes npwanls, thus preserving in the pedee- 
tal the character which the entasis gives to the oolumn, and ae 
it were uniting the pefle^tAl and column in one ooropositiriD, and 
avoiding the api^arent bicuk in the line which is so observable 
in the Roman. Fourthly, the small dimension of the pedestal 
causes the c^p and base mouldings to assume an importance 
which they have not in the Roman (without the actual aisse 
of the mouldings in reference to the column being increaiied}. 
titereby imparting a rich and composite cliaracter, which, while 
adding to the mass, affords a valuable contrast by its horizontal 
lines to the vertical lines of the column. 

In the Italian revival the Roman exiiggeration of the pedee- 
tal was carrieil still further, until it becnme necessary to give 
such a development to the capping that it assumed the import- 
ance of a com|)let« cornice, with bed mould, oon^na, and cyma- 
tium, instoatl of the simple moulding used by the Gi'eeks. rhos 
the pedestal might almost be said to have ceased t4> be a part of 
the order incorporated with it and forminpr merely a base to it| 
and to have become a separate feature, with an importance en- 
tirely its own. The Taylor and Randolph Institution at Oxford 
affoi*ds an example of the low pedestal used by the Greeka 
Those who are aciiuainted with that building will hardly fiul 
to recognise the beauty of this feature. 

Of sculpturesrpie pedestals of the Roman school a sufficient 
number of ox;imples remain to trace the presence of the same 
defects which characterise the architectural )>ede8tal. It will 
therefoi-e not be an unwarrantable assumption to suppose that 
the same aflinity between architecture and sculpture existed iu 
the Greek, and tlie very scanty information which we have 
seems to continn this 9np|:K)sition. 

Thus much for the elementary principle of form and proportion 
per ee, independently of the very important subject of the appli- 
cation of it to the various conditions of small, life-size, and 
coi«>ssal statues, whieh the small size of this papor will allow 
us to treat but superticially. 

The next and most imfKirtint principle which we have to con- 
sifler is the giving (►f scale to the principal object by the intro- 
duction of ornamental and sen I ptui*esque detail in the pedestal. 
The principle involved iu this practice is, as we have observed, 
not forgotten in the earlier wt>rks of sculpture, but it is applied 
to the sculpture itself, an<l not to the pedestal, thera being none 
to apply it to. The advant-ige of its application to the pedestal 
instead of to the principal object is obvious. There seems to he 
nil irrationality in groupin.? together giants and fugmies in the 
same Composition, «as in the rock-cut temple of Ibsainboul, and 
many other examples, where a small figure stands by the legs of a 
large one. One accepts the ex|)edient as one of necessity, and iti 
grotesquencss is rondereil lesa pi-ominent b}' the conventional 
character of the wliole work: but where the same thing oooara 
in later and more perfect works, as in the Toro Farnese at 
Naples, and the Nile (rod in the Vatican, one is at once struck 
with a sense of disproportion, and one is disposed to question 
whether a better means of giving s&de might not have been 
used. There are not wanting those even who question the pro- 
priety of making the sous of Laocoon so much smaller than him- 
self. When however the smaller figures are d^mtained within 
the lines of an architectural form, and are subordinate to it, 
forming its enrichment only, they cease to come in competition 
with the «tatue, and only act :is a foil. They are then no longer 
of the same nature with the statue. The fact of their forming a 
part of the architecture conventionalises them, and renders them 
inanimate things — stone or metal, while the statue represents 
a livincr creature. Quatremere de Quincy, in speaking of the 
Victory in the hand of the Olympian Jupiter at Elis, says, " There 
is no comparison to be estsblished between the Victories plaeecl 
in the hands of statues and the statues themselves. The figures 
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of Victory in question, if one considers the nsoal conventions in 
this sort of composition, play the part only of images, not of 
living beings." 

The greatest examples of tlie importance of the principle 
which we are now considering, namely, that of gradation, are the 
works of Phidias — the chryselephantine statnes of Jupiter of Elis, 
of Minerva at Athens, and manv others.* In these statues the 
smaller figures were not confined to the pedestal, but were intro- 
duced in every available space. The throne of the sitting figures, 
the shield of the Minervti, even her very sandals (on the edge), 
were covered with subjects; but these are mostly in basso-relievo, 
and in those parts where it is supposed that complete figures 
were introduced they formed part of some conventional object, as 
grifiins subduing Greeks, which supported the arms of the 
throne. I find in Q. de Quincy an observation upon the import- 
ance which Phidias must have attached to the pedestal. He 
says, " We may conclude from a passage of the orator Themis- 
tecis, that the bassi-relievi of the pedestal occupied Phidias a 
long time. Although this artist says he had great ability 
in the art of representing in gold and ivory the figures of 
men and gods, nevertheless he required much time ana leisui^e 
to finish these works. It is reported indeed that in the exe- 
oution of Minerva he employed a considerable space of time 
in the works of the pedestal of the goddess." Pliny particu- 
larly dwells npon this fact. He says, "Among all nntions 
which the iame of the Olympian Jupiter had reached, Phidias is 
looked upon, without doubt^ as the most famous of artists. But 
to let those who have never seen his works know how deservedly 
he ia esteemed, we will take this opportunity of addnciug a few 
slight proofs of the genius which he displayed. In doing this 
we shall not appeal to the benuty of his Olympian Jupiter, nor 
yet to the vast proportions of h& Athenian Minerva, 26 cubits 
m height, and composed of ivory and gold; but it is to the shield 
of this vast statue that we shall direct attention, upon the convex 
hce of which he has chased a combat of the Amazons, whilst 
upon the concave side of it he has represented the battle between 
the gods and the giants. Upon the sandals, again, we see the 
wars of the Lapithce and Centaurs, — so careful has he been to fill 
np every smallest part of his work with some proof or other of 
his artistic skill. To the story chased upon the pedestal of the 
statue the name of the Birth of Pandora has been given, and the 
figures of the assisting gods to be seen upon it are no fewer thtm 
twenty in number. 

These statues are briefly described by Pausanias and Pliny, 
and they have been further illustrated by the learned and intel- 
ligent researches of M. Quatremci-e de Quincy. It will be suffi- 
cient to quote what he says about the'pedestal of the Minerva 
of the Parthenon, ire illustrates several others very fully, as 
the Jupiter of Elis, the Apollo at Amycloe, &c.; but we shall 
more readily realise that of the Minerva, knowing, as everyone 
does, the copy of that statue in the Studii at Naples, and that at 
Deepdene. in describing the statue he says, — " Her height, ae- 
cordiug to Pliny, was 26 brachia, or 37 feet French (about 40 feet 
English), without including the base, of which I shall speak in 
its place, and to which, as we shall see, it is not possible to give 
less than 8 or 10 feet; consequently, the whole must have been 
about 45 feet French, a height perfectly in accordance with that 
of the Naos, which, as we shall see, could not have been much 
more than 50 feet French, if we suppose the ceiling to have 
been horizontal." He says further on — "The height results 
necessarily from the two data which we possess — viz. the height 
of the temple, and that of the statue. Now we have shown that 
this height could not exceed 10 feet for the pedestal — a proportion 
perfectly in accordance with the method followed by the ancients 
m the relation of statues to their bases in the class of colossal 
sculpture iu question,'' namely, that which is seen only from a 
limited distance. He again quotes Pliny, who says, — " On the 
base is engraved (grav^) what Phidias called the Birth of Pan- 
dora: one sees in it the birth (generation) of twenty divinities." 
He then goes on to show that, taking 6 of the 10 feet for the 
figures, and appropriating the other 4 feet to the capping and base, 
there must have been two rows of figures, as there would not be 
room for the whole number if they were of a size to occupy the 
whole height of ft. " As to the division of the bas-reliefe into two 

■ • Mincrra of r.illc-nc; Minerva Poliiu; Snncrva of Leninoe, 8aid to be hU heat work; 
hrmuv AiNiUo in th» AcroiH>]lH of Atbenti: Mincrra of Platca, in niurblo aud gilt wood; 
\'eiins Unuiia. in tho Uiaple of that name; the MtiUier of the God.-*, in the Metn)um 
of thi! (Jvjraruic; yiiuonra ILjr<;m, iu broiizo on a gilt throur; Vemia tclcotid, at iJia; 
3d incrru £ln;aiif , in the citadel of ISlis; aad the Jupiter at Olympia. 



rows, one over the other," says be, '* I oould, if neeesikiry; qnot« 
a great number of exam]:^es in the antique." Having thus 
determined the height, it is evident that the width of' the 
pedestal could not have been less than 1 8 feet, considering the 
expanse that must have been given to the lower part of the 
figure by the shield, the griffin, and the serpent. 

If we restore iu imagination these and other examples of which 
Pausanias and Pliny give descriptiofis, we shall find in them an 
illustration of what we constantly hear of, and never see — namely, 
perfect simplicitv and unity, together with the greatest amount 
of richness and interest. In these the natural union of the arts 
of architecture and sculpture is most completely carried out, 
each preserving its own character, while, by the due relation of 
the one to the other, they conibino in perfect fiamiony in one 
homogeneous composition. So soon as we turn from the Greek 
to subsequent aohools, we find this quality of unity gradually dis- 
appearing; the architectural element dwindling away, aud giving 
place to an exuberance of sculpture and ornament. The first 
step in this dii'ection is the general substitution of alto tor basso 
relievo in the Eoman pedestals.* Of this there are abundant 
examples: for instance, a pedestal in the Studii at Naples, with 
figures of cities, which I believe formed the base of a statue 
of Titus; that in the Vatican Garden; aud many other exam- 
ples. 

In the Gothic I am not aware of any examples of monu- 
mental sculpture not forming part of an architectunal compoei- 
tion (except OalvariesV, but in general we find that the due 
relation between architecture aud sculpture is almost entirely 
lost sight of, as in the porches of cathedrals, &c., where it is 
difficult to say whether the sculpture is made for the architec- 
ture, or the architActure for the sculpture. Pichness seems to 
be the object aimed at: the result obtained is piy>fnsion, not to 
say confusion. (I would not however be understood to disparage 
Gothic sculpture, which I have studied and drawn most reve- 
rentially, and in which I find inestimable beauties that belong 
entirely to itself. I am only speaking — as my subject requires 
— of the scientific relation of one art to the other.) In the re- 
vival, the Gi-eek principle is recognised, though not so generally 
carried out. There are, no doubt, abuudaut instances of pedes- 
tals in which the relation of the architecture to the sculpture 
is well preserved; but in general, where richness and effect were 
sought, it was at the expense of the architectural element, while 
the monument, instead of being a statue or group, became a 
complete family, in which the accessory figures were scarcely sub- 
ordinate to the principal, and the architectural part was merely 
something for them to sit upon. In the composition of tombK 
this prodigality is- carried still further. One constantly finds 
little figures, mere dolls, each with its little niche, aud each as 
complete in all its parts as the principal figure. No doubt the 
object sought, of giving im])ortAnce to the principal figure, is 
obtaine<l; but it is at the expense of the small figures, which 
appear insignificant, instead of preserving their own dignity 
while adding to that of the whole. 

One of the most pmctically important points to consider in 
this subject is the dilference of relative scale between the pedes- 
tal and its stntue in the different conditions of small statues or 
statuettes, colossal statues, and life-size statnes.t The latter 
case, again, is subject to a great variety of conditions, as the 
public statue in an open space, the memorial statue of less dimen- 
sion in cathedral or nail, and the statue placed as an oi*nament in 
a gallery. Each of these conditions being so different fiv>m the 
other, and each again being subject to so many other conditions of 
its own, it would be impossible to attempt any rule which should 
be of general application. It is obvious that the smaller the 
statue the greater will be the necessary relative height of tho 
pedestal, in order that it may in some degree bo raiseil out of 
the way of harm, and place<l fiiirly in view. It is not necessary 
to speak of small statuettes for ornamental purposes, as in such ob- 
jects, which do not aspire to bo ornamental, any caprice is more or 
less admissible. The subject of peiiestals appropriate to a statue 
of a height of 3 or 4 feet, is one which comes more daily under our 
notice; but where the statue is placcil upon the level of the eye, 
and the whole of the pedestal is below it, tho detail is a matter 
of little importance, and the proportion is all we have to con- 
sider. In tne paintings up>on Greek vases there are two distinct 
classes of pedestals represented for small statues. Those of 3 or 

* For proof of the we of basoo hy the GnoHu sec qootatiun fi-om Pliny above, 
t llie oxpre^idon, " life-sise.*' mnot bo taken to mean Momothing wore thau life-size, 
thid Tarying according to conditioQ of aituatiou. 
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4 feet high are generally placed upon a low 8<iiiare pedestal of 
about the same height as the statue. A subject j&equeutlj re- 
presented, and in which this occurs, is the Family of Priam 
taking refuge at the Altar at the Sack of Troy, and also Diomed 
carrying away a Statue from the Altar. It cannot be said that 
the proportion is a particularly agreeable one, and one must sup- 
pose that the comparatively large sixri&ce of the top of the pedes- 
tal was intended for the convenience of placing votive ofiferings, 
and that it was rather an altar than a pedestal. The other class 
of pedestal is the Styld, a small square column of six or seven 
diameters high, and of about the height of the human figure 
(more or less). Sometimes it takes the form of a small Doric or 
Ionic column, and this again is sometimes placed upon a plinth 
or pedestal. This form of pedestal seems only to be applied to 
small images 1 foot or 18 inches high. This principle appears to 
be most suitable to its purpose, and is, indeed, tnat which in 
modem times is roost frequently adopted for busts or small groups 
and statues. The form however which is generally adopted — 
namely, a shaft, without moulding or finish of any sort, and not 
diminishing, is not a very happy application of the principle. 
The simple hints given by the Grreek vases are well worthy of 
attention. 

Of the pedestals of colossal statues for exterior positions I have 
not been able to find any very reliable examples. What little 
information I have been able to gather, however, seems to show 
that it was low in proportion to the height of the statue. A 
coin of Athens, given in Millin (* Galerie Mythologique'), and 
also in Prof. Donaldson's recent learned work, * Architectura Nu- 
mismatica,' representing the Acropolis of Athens, shows the 
statue of Minerva Polias. Of course, in a conventional repre- 
sentation on so small a scale, it is impossible to depend upon the 
exactness of the proportion; but it is sufficient to show that the 

destal is not only low, but also very narrow in reference to the 
k of the figure. The restoration given in Quatremere de 
Quincy of the statue of Apollo at Amycloe, the pedestal of 
which was of the time of Phidias, or thereabouts, shows the same 
peculiarity. The remarkable coincidence between these exam- 
ples and many examples in architecture of the smallness of the 
pedestal, seems to confirm the supposition that the pedestal of 
colossal statues was generally small in bulk compared to the 
base or lower part of the statue, which must almost have ap- 
peared to overhanff the die of the pedestal. In the best works of 
the revival we find the same character. Many examples in Italy 
are familiar to every one: the colossal angel on the top of Castel 
St. Angelo; the colossi of David, by Michael Angelo, an<l that of 
Hercules and Caco; the statue of Marcus Aurelius at the Capi- 
tol, &c., are all examples of this in a greater or less degree. The 
principle is remarkably illustrated in the Perseus of Benvenuto . 
Cellini; but the exuberance of ornament in the pedestal de- 
prives it of the simplicity and unity which we find in the Greek. 
Tlie importance which it gives to the statue however, must, I 
think, strike everyone. These however are but pigmies com- 
pared with the colossal staiues of the ancients, the only things 
which approach to them in modem times being the statues of 
Bavaria, at Munich, and of St. Carlo Borromeo, at the I^ago 
Maggiore. With the latter I am not acquainted. That of Ba- 
varia affords, by contrast, an excellent illustration of the merit 
of the Greek principle. The height of the pedestal is rather 
more than one-third of the statue, and the width equal to the 
height. Thus the bulk is so considerable that, when near the 
monument, one sees nothing but the pedestal, which, at a dis- 
tance — the statue having no preponderating relation to it— does 
not serve to give scale as an object of comparison. This defect 
is no doubt met by the contrast of the portico, consisting of a 
small Doric order, which surrounds three sides of the figure, and 
from most points of view forms a background to it. There are 
however necessarily points of view in which the eye does not 
embrace the monument and its background at once. In these 
aspects one cannot fail to be struck with the want of detail in 
the pedestal, which, having no features except the capping and 
base, and a moulded panel in the die, seems oy its size to dimi- 
nish rather than to give scale to the statue. 

In the best examples of eouestrian statues the pedestals are 
also generally small (relatively), though the proportion must 
naturally be influenced to a certain extent by the actual dimen- 
sion of the statue. The j)ede3tal of Marcus Aurelius, in the 
Capitol, is not so high as the horse's shoulder; those of Castor 
and Pollux, at the top of the steps of the Capitol, are scarcely 
higher: that of the equestrian statue of the Grand Duke, in the 



Piazza Granduca, at Florence, is still smaller, limy oiher in- 
stances might be quoted. But on the other hand, instances of 
the opposite system are not unfreouent. The statues of fiarto- 
lomeo Colleone, in the Campo St 2^i Polo, in Venice; that of 
Gatta Melata, in the front of the Santo at Padua, and of King 
Charles, at Charing-croes, all have pedestals of a very tall propor- 
tion. The necessity for reducing the bulk of the pedestals of 
equestrian statues seems to have been universally felt. This has 
been done, in most cases, bv breaking the pedestal in its length, 
and making the ends semicircular on plan, by this means pre- 
serving such a length as shall be in accordance with the impres- 
sion of motion inseparable from a horse. In the crowded streets 
of modem cities a statue placed upon a pedestal of so low a pro- 
portion as some of those quoted, would be lost, unless the statue 
itself were of colossal Size. This difficulty has been admirably 
met in several of the compositions of Ranch, in which the pedes- 
tal itself, being small, is raised upon a plinth, which is in some 
cases again subdivided or elevated upon a stylobate of steps. 
Thus the barrenness of the long unbroken line so constantly 
adopted in our own statues is avoided. The moulded capping 
and base, and other enrichments, have a rich and full proportion 
in reference to the die of the pedestal, without the exaggeration 
of actual size which becomes necessary in the large pedestals so 
commonly in use. Thus the ontiine of the pedestal, nch in itself, 
without crudely salient features, combines harmoniously with 
the statue, and with it engages the eye; so that the plinth or 
podium below, being of the most simple and severe form, may be 
raised or lowered without materially affecting the composition of 
the principal object. We must suppose that it is this difficult 
of the unavoidable prominence of the capping in large pedestofs 
which has ofifuscated the genius of some of our own sculptors, 
and driven them to the disastrous expedient of dispensing with 
all moulding in their pedestals,* and placing their statues upon 
the chopping-blocks that offend our eyes in too many of our puolic 
places. It is not so easy to find a reason for the prodigious 
nulk of some of them, which are large enough to admit of a 
house being built upon them over the statue's head. I have not 
been able to discover the authority for the rapid diminution of 
the block sometimes adopted, which gives to the pedestal the 
character of a truncated pyramid: neither is the advantage of it 
at once patent. Much might be said upon the subject of London 
pedestals, but such has ^n the neglect of this accessoiy of 
monumental art that there would be but little room for favour- 
able criticism. Our sculptors can scarcely be aware how much 
of the uudiscriminating, though deserved abuse, levelled at 
many recent public monuments, is due to the entire absence of 
design and proportion in the pedestals. We must suppose that 
they do not attach the same importance to the subject as archi- 
tects do. K they did, some knowledge of architectural detail, 
and a more careful attention to the examples exhibited by the 
revived schools, and the more recent works of some other conn- 
tries (Prussia in particular), would save our public monuments 
from many a deserved reproach. In these days of hero-worship, 
when so many statues are springing up, the subject is one of 
daily increasing importance, and calls for a unity between the 
sister branches of architecture and sculpture, through their pro- 
fessors, to avert the torrents of abuse which, rightly or wrongly, 
are poured upon each new monument 



MR. R. H. BOWS INSTANTANEOUS LEVEL AND 
GRADIENT INDICATOR 

This simple and ingenious little instrument is an improved 
variety of those described before the Scottish Society of Art& 
and of which engravings have been given in this Jonmal 
(voL xxii. p. 108, and vol. xxiii. p. 80). It is designed to furnish 
a ready means of approximating to either the true level or any 
required gradient, and seems csdculated to be very serviceable in 
the laying out of roads, especially where the ground is hilly. 

Where great accuracy is required, as in fixmg the gradient for 
a railway, recourse must be had to the usual optical level, with 
its stand and levelling screws. But for running the contour line 
round a hill for a common road on the level or at a given gra- 
dient, those means will generally be thought the best which are 

* There is a moulding wliicb, thougti unknown to architecU, is in fre<|aen( om h a 
base moQlding in these monuments. It resembles a reversed echinus, and la, u I am 
credibly informed, called a thumb-moulding. The name at least has toe merit of Mag 
in unity with the principle of design employed in the rest of the pedeetaL 
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the most expeditious and oonvenient; and here we think Mr. 
BoVs invention would prove very useftd. 

The instrument is as compact and portable as a carpenter's 
levely which it resembles in presenting the eztemid appearance 
of a rectan^lar wooden box, with a slit in the top through which 
the bubble is visible. It may therefore be used if required like a 
common workman's level But for field work it is of course 
intended to be looked through, and cross-hairs are fixed, for 
giving the line of view on a level, or at ^ptuiients ranging from 
1 in 60 to 1 in 10. Two eye-holes are given, one for rising and 
the other for falling gradients. 

It is evident that this level is best placed on a rod or stand 
when used, but there is no need for the three-legged stand and 
the levelling screws which are essential to a "dumpy." A narrow 
strip of mirror is so placed inside as to show the observer when 
the bubble is in the right position, without his having to with- 
draw his gaze from the field of view. The level tube is very 
delicate for its size, as it is filled with chloroform. One end of 
the instrument should be gently raised and lowered, so that the 
' bubble may be seen moving slowly backwards and forwards in 
the mirror, and a mean should be taken between the two read- 
ings on the staff. If the level is supported on a rod, it would be 
convenient to have the height of the rod marked on the staff. A 
very convenient way of using the instrument would be with two 
" boning sticks'* — one to rest it upon and the other to sight on. 
The maker rives his name as Alexander Eeid, optician. South- 
bridge, Edinburgh. 



REPORT OF COMMITTEE ON DECAY OP THE STONE 
OF THE NEW PALACE AT WESTMINSTER 
The Committee appointed to inquire into the decay of the 
stone at the New Palace at Westminster have made their report 
to the Krst Commissioner of Works, as follows: — 

Report. 
Sib, — We the undersigned, being the Committee appointed to "inquire 
into the decay of the stono of the New Palace of Westminster, and into 
the best means of preserving the stone from further injury,'* have the 
honour to submit to you the following report, in which we have adopted 
as the objects of our inquiry the several points referred to by your letter 
of appointment and instruction, viz. — 

I. The extent and position of the decay. 

II. The causes to which it is atfebutable, taking into consideration 
the composition of the stone, and the influence exerted upon it by mois- 
ture, and by the acids diffused m the London atmosphere. 

HI. The best means of preserving the stone from further injury. 

ly. The qualities of the stones to be recommended for future use in 
public buildings to be erected in London. 

1. In proceeding with the important inquiry thus intrusted to this 
committee, we beg to state that we first made a careful inspection of the 
whole of iJie buOdings; and that after this inspection we proceeded to 
obtain such evidence as appeared to us best csJculated to facilitate the 
inquiry intrusted to us, by examining a considerable number of witnesses 
vrho had been connected with the building from the commencement, or 
who had been concerned in the various processes which had been actually 
tried^ for arresting the decay which had occurred; and also another class 
of witnesses who had suggested various theoretical remedies for the same 
purpose. 

^ 2. We delegated to a sub-committee, specially appointed, an examina- 
tion and inquiry into the condition of other buUdings erected in the 
metropolis in which magnesian limestone had been used; and we parti- 
cularly called the attention of the scientific chemists who had been 
appointed on the committee to several points peculiarly within the limits 
of their acquaintance with chemical subjects. 

3. We also considered it expedient to invite by advertisement the 
attention of chemists and others to the subject submitted to the com- 
mittee; requesting that any plan or suggestion for the prevention of 
decay or for arresting its progress might be brought under our notice. 

4. Having thus premised the course the committee thought it expedi- 
ent and desirable to take, we now proceed to report seriatim on the sub- 
jects brought under our notice by your instructions, and in the order 
adopted therein. 

The Extent and PonHan of the Decay, 

5. It is extremely difficult to give any very exact account either of 
the extent or actual position of the decay. It seems from the evidence 
that it first began to make its appearance in the portions of the Palace 
of Westminster executed at the oommenoement of the building, about 
seven years after their execution; and yet, in some of the most recently 
executed portions— viz. those towards Old Palaoe-yaid, facing Henry the 
Seventh's Chapel, the decay appears to be as obvious as in any other part 
of the building. 



6. In the earlier works — viz. those towards the Thames, the decay is 
most apparent in the lower portion of the building; and in this portion 
the decay is confined to what may be called ''zones," or general levels; 
which would seem to suggest that it depends as much upon position in 
the building as upon the use of particular beds of stone from the quarries 
6mpl(^ed. 

7. The same remark applies to the part of the palace fronting the 
approaches to Westminster-bridge, where the decay of the lower portion 
is considerable; but in the newest work, facing Henry the Seventh's 
Chapel, the decay occurs in positions whidi are more varied, and under 
circumstances which it is exceedingly difficult to appreciate. 

8. We have examined wiUi much care the upper portions of the build- 
ing, and we cannot perceive that the decay has made any important 
inroad upon those much more exposed portions where decay might more 
reasonably have been en)ected. The decay however occurs again to a 
considerable extent in the inner courts, which are sheltered in a great 
measure from external influences; and perhaps the very worst specimen 
we have noticed is to be found in the small archway leading to the 
reporters' galleiy, near the entrance to Westminster Hall, — a part of the 
work as much sheltered as in the nature and cinmmstances of a public 
building it could well be. 

9. The general result of our observations, confirmed by the evidence, 
would seem to suggest that the stone used in the Palace of Westminster 
is much more likely to decay in damp and sheltered situations than 
where i) is exposed to the full action of atmospheric influences. In the 
east and north fronts before adverted to, the worst symptoms occur in 
the ashlar between the upper and lower mouldings of the plinth, and 
under the first cornice, where the exposure is inconsiderable; but the 
dampness, arising from the drip of the mouldings and the action of capil- 
lary attraction in cases where projections hold the moisture, appears to 
exereise an important influencA on the condition of the stone itself. 

10. It does not appear to us that the decay is attributable, as is com- 
monly supposed, to the stones in the building not being placed upon 
what is technically called their natural bed, or in the same relative posi- 
tion as they occupied in the quarry: thus, stones which are found hori- 
zontally in the quarry appear to have been often placed perpendicularly 
in the buUding, and used for purposes of the most delicate decoration 
without any injurious result. As an instance of this fact, we may point 
out the elaborately carved shields of arms imder the range of the first- 
floor windows: the stones used for these shields, though universally 
placed perpendicularly to their natural position in the quarry, present, so 
far as we are aware, few (if any) symptoms of decay. 

11. The extent to which the decay on the whole surface has proceeded 
it is not very easy to estimate. At the present moment tne actual 
decay is doubtless considerable for a buildmg so recently erected; but 
the change of colour in the stone itself, and the ** fretting out of the sur- 
face," wMch are suggested as the first symptoms, lead us to apprehend 
that there may exist much more mischief than at present is actually 
f^parent. 

12. One of the witnesses examined however, and whose judgment as a 
practical man is of considerable value, is of opinion that the decay, 
after proceeding to some depth in the stone, stops of itself; that an in- 
duration of the surface takes place, and that no further decay ensues. 
The committee would willingly accept this opinion, if they considered it 
well founded; but they cannot conceive that it is true to any considerable 
extent, notwithstanding there may certainly be some few indications 
which lead to the belief that in some cases it may be correct. 

18. At present the decay appears for the most part on the plain sur- 
faces, whUst the finer and more elaborately-wrought portions of the 
building, unless under projections, are not seriously affected. And how- 
ever disappointing and disfiguring these effects may be, especially in a 
building so recentiy erected, the committee are of opinion that at present 
the decay does not affect the stability of the structure. 

TJte Causes to which the Decay is attributable. 

14. This part of the inquiry naturally leads to a reference to the 
evidence which has been obtained by the committee on the subject of 
the stone itself. The result of this evidence may be thus briefly stated. 
The stone recommended by the commissioners for this building was that 
from the quarries of Bolsover Moor and its neighbourhood; and this 
stone was actually contracted for in the first instance. Before the work 
began, however, it was found that blocks of sufficient size could not be 
procured from those quarries; and in consequence, one of the commis- 
sioners was appointed to proceed to the spot, to ascertain whether other 
Quarries might not be discovered fumishiDg stone in beds of greater 
tnickness and of larger dimensions. These conditions were found 
in the quarries at Anston, and the stone of greater thickness procured 
from these quarries has been used not only in this building, but in 
all the other buildings constructed of magnesian limestone in the 
metropolis, after the quarries of Bolsover Moor had been abandoned 
for the reason above stated. 

15. The recommendation of the Bolsover stone in the report of the 
oommissioners was founded on its similarity to that used in the Nor- 
man portion of Southwell Minster, which were stated in the report to be 
in a high state of preservation. Evidence has since been adduoed, in a 
letter from Ifr. Scott^ which renders it probable that tho stone of this 
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tniiufter was really obtidned Arom the ancient qnarrieB of Manftfield Wood- 
houK. The latter quarries were reopened, and a considerable quantity 
of stone from them (exceeding 20,000 cubic feet) was made .use of in 
the Palace at Westminster: but in their turn they were relinquished, 
from dissatisfaction as to the size of the blocks, though we have it on 
evidence, confirmed by our own observation, that the stone used from 
these quarries has stood remarkably welL 

16. The evidence brought before your committee on the subject of the 
stone obtained from the Anston quarries is very conflicting; the contrac- 
tor and his principal foreman stating that the stone was, with slight 
exceptions, extraordinarily good: while other witnesses maintain that 
even in the quarries themselves there are stones in a state of actual de- 
composition; and one very important witness, a foreman emplo^^l at the 
Palace at Westminster, asserts ho knew that certain beds in some of 
the quarries were liable to decay, and that ho abandoned them in con- 
sequence. With reference to the selection of stone the committee ven- 
ture to remark that it is much to be regretted that the offer made by one 
of the commissioners, particularly well acquainted with the selection and 
working of stone, to examine** that used in the Palace at Westminster for 
the mcxlerato salary of £150 (ter annum, was not accepted, owing to 
some difficulty in regard to the party who was to be held responsible for 
this unimportant amoimt; and that the matter was left to persons who 
admit that they had little or no prior experience of this (lescription of 
stone, though they evidently entertained suspicions of the durability of 
some of it which Uicy were employing. 

17. With reference to tho very natural and important question of the 
actual causes of the decay of titiis stone when exposed to the London 
atmosphere, the committee take the liberty of refeiring to the report of 
the chemists, who were members of tlie committee, to whom this ques- 
tion was specially referred. (See page 339.) 

Tfie best Means of Preserving the Stone from fitrUter Ir\jury. 

18. This part of the inquiry referred to the committee naturally di- 
vides itself into two questions — ^namely, as to the steps that have hitherto 
been taken, whether experimentally or otherwise; and as to those that 
Ai« to be rcconmiended for adoption hereafter. With regard to the first 
question, we have ourselves examined with care the result of what has 
been done at the Palace itself, either experimentally on the river front, 
or, as in tho inner courts, by actual coatings or washings over large sur- 
faces. With regard to the second question, our inquiries have been 
earnest and elaborate, and we have examined many witnesses and given 
much time to the considerations of the various propositions obtained by 
advertisement or otherwise. As wy[\ l)e seen in a suliscfiuent part of 
the rep«)rt, we finally referred this question to the further consideration 
of the- professional chemists who were on the committee. 

19. On the first question the committee are decidedly of opinion that 
it is not necessary or desirable U> ]m)ce«l uvith aiiy general coating, 
painting, oiling, or waahing of the whole building. It is quite obvious, 
in their judgment, tliat a very lai*ge proportion of tlie stone does not re- 
quire any such application: but t^at what is wanted is some efficient 
])roceds which sliould be applied to the surface of any stone that begins 
to sliow symptoms of decay, with a view t:) arrest its progreas. The 
committee believe that the persons to whom tho care of the building iu 
entrusted ought to watch it, and note, in the very earliest stages, 
wlierever decay is perceptible, by efflorescence, change of colour, crumb- 
ling, or slight decomposition. 

20. In cases where the decay is imiwrtant, and evidently occasioned 
by the fall of rain on an upper projecting or exposed surface, protection 
should be afforded by a covering of sheet zinc or lead; and if hereafter 
any composition should fortunately be discovered by which the decaying 
stoDe could be at once covered or coated, and the injurious influences of 
the atmosphere prevented from further actmg upi)n it, the difficulty 
would be solved. In some extreme cases the decayed stone might !» 
cut out, and replaced by a new one. With regard to the processes 
which liavo actually been api>lied, whether experimentally or extensively, 
your committee are decidedly of opinion that the discovery of a proper 
mode of treating stones in a state of decay has not yet l)een made; and 
there is no evidence whatever on the building itself to induce them to 
believe that the decay, where decay has arisen, has been arrested, or 
that pennanently the decay has been prevented, by any of the pro- 
cesses yet (4)plied. 

21. With n^ference to the second question we found ourselves unable, 
after much labour, to come to any ilefinite conclusion; and we finally re- 
questetl tho chemists iu the committee to examine and report upon it; 
but thoiie gentlemen state, as appears by their report appended hereto, 
that the nature of the inquiry is so extensive, and that time is so im- 
]>ortant an element in the solution, that they are unable to give any 
opinion upon the subject. They further state that they 8|>ent five whole 
davrt in tlie examination of only one suggested remedy: but they are 
unabk) notwithstimding to give any opinion on even that one suggestion. 
Th-\v allu<le to secret proct-Hses, regarding which they say they can 
offer no opinion; but they exprt^^s a doubt of the applicability ol any 
sufirgestion which would demand the veil of 8».«recy for pn>tection. C'on- 
cinring in this view, it may be further noted that even if such ai)plica- 
tioti were found suooessful in sample or experiment, no security would 
be afforded for a corresponding success in any subscKiuent large opera- 



tioiu. They recommend that a series of experiments shoold be con- 
ducted, under chemical supervision, for a considerable period of time; 
and the committee are most reluctantly compelled to coincide with them, 
and to urge upon the government the adoption of such a course. 

The Qualities of the Stones to he recommended for Public BvUdingM 
to he erected in London. 

22. On this head of the inquiry the committee have been uziable, in 
the time allotted to them, to go into any very extensive examination. 
It is obvious however that altliough some varieties of magnealan Hme- 
stone are an excellent and durabb material when not exposed to the 
deleterious influences of the London atmosphere; yet that in London it 
is subject to causes of decay, which render it an undesirable and miMife 
matenal for the construction of public buildings. 

23. It is equally obvious that Portland stone, woU selected, has been 
used in buildings m London from the date of St. Paul's downwards, 
under circumstances of great exposure, and with most successful results. 
Portland stone is a material to be obtained in any quantity, and in blocks 
of any size, beautiful in colour and texture, reasonable in price, not by 
any means so hard as the Anston «tone, and yet with a power of reust- 
ing the influences of the London atmosphere that leaves but little to be 
desired. It must be remarked however that Portland stone shoald be 
carefully selected; an operation which would be most satisfaotorily e£Eeoted 
by an agent at the quarries. 

24. On this subject the commissionera could of course bring nrodi 
personal experience to bear; but after the valuable explanation of the 
principles upon which tho decay of stone depends in populous plaoes, as 
given by the chemists in their report before referred to, the committee 
refrain from repeating thaae concluaiQns, in which however they entirely 
concur. 

25. During the inquiries of the committee, one of their number, Mr. 
Bumell, who is well actiuainted with architectiu*al and engineering woriu 
in France, undertook, at his own expense, a journey to Paris, to inquire 
into the practice of the French architects engaged in the government 
works in that metrop<jlis. There the stone used, tiie ''calcaire grossier,** 
though a carbonate of lime of tertiary age, and therefore of very diffe- 
rent mineral composition from our magnesian limestone of the mudi 
olfler Permian age, seems to suffor also from decay in a comparatively 
pure atmosphere, and where wood is chiefly used as fuel. 

26. From the evidence of Mr. Bumell it does not appear that the 
French architects or chemists have been more successful tlian ourselves, 
either in tiie use of materials not subject to atmospheric influences, or 
in the ap])lication of processes for arresting decay when it has once 
begun. The opinions of the most scientific chemists and architects in 
France on this subject have however in this way been obtained; and it 
is extremely probable that the inquiries undertaken by them, simulta- 
neously with those undertaken iu this country, may hereafter lead to 
some successful results. 

27. The committee have to thank the govenmient for the faunlities 
given to Mr. Buniell in this important part of the inquiry, by providing 
him with an intriHluction which obtained for liim the active assistance of 
her Majesty's ambassador at the court of the Tuilerics. 

28. The committee delegated, as before stated, to a sub-committee the 
duty of examining the various buildings in London in which magnesian 
limestone from the Anston quarries has been intn)duced in the external 
arcliitecture. Tlie report of this sub-committee forms part of the Ap- 
pendix: and we beg to refer to that re))()rt as confirmatory of our opinion 
of the uncertain cliaracter of magnesian limestone, and the risk attend- 
ing the use of it in I^udon. 

29. In conclusion, the committee venture to recommend that the ar- 
chitect of the Palace of Westminster, assisted by scientific chemists, 
should examine and record the actuid state of the stoneworic of the 
building at the present moment; tluit experiments should be made by 
their dircctiim, under various conditions of height, exposure, and aspect, 
with such preservative materials and agents as the chemists may sug- 
gest from time to time; and that researches should be continued into the 
effects of the various alkaline silicates, tho phosphates, and other sub- 
stances which have been brought imder the notice of the oonunittee, or 
suggested in Germany, France, or elsewhere; and that where decay 
arises from damp, means should be taken to protect the stone, as has 
been before suggested; that any stone extensively decayed should be 
removed and replaced; but that in particular tiie earliest symptoms of 
decay should be carefully watched, and examined, with the view to some 
immediate remedy. Tlie committee believe that a very lai^ portion of 
the stone in the Palace of Westminster is of a very diurablo nature; and 
they entertain a confident expectation that a remedy will soon be found 
to arrest or control the decay when it has unfortunately began t» 
appear. 

William Tite. E. FHANKTJiin>. 

ItoD. I. MuRCHisox. F. A. Abel. 

Sidney Smirke. James Tennaitt. 

George Gilbert Scott. Geobob R. Burnkll. 

Geor<je Godwin. Thomas Hawkslbt. 

M. DioBY Wyatt. Charles H. Smith. 

A. W. Hofmank. Edward M. Bambt. 
Alfred BoNHAif-CABTER, Seerttaty. 
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Heport ^f Sub-Committee o/Chemiete, rtferred to in the foregoing. 

Snt, — We have the honour to infoim you that we have complied with 
the wishes of the committee, by ftTamining into the several proposals 
which have been laid before them for the preservation of the stone of 
the New Houses of Parliament; and that we have arrived at the follow- 
ing conclusions: — 

1. Amongst the processes proposed, varying in principle and value to 
a very considerable extent, there is not one which we at present feel jus- 
tified in proposing that the committee should definitely recommend as a 
preservative, eitl^r for general or local application. 

2. A minute examination into one class of processes, submitted to the 
committee at an early period, has convinced us that, surrounded with 
great difficulties as 'the subject appeared at the outset, the obstacles 
eventually met with in an effective experimental inquiry are of a far 
more formidable character than could have been anticipated. Having 
devoted five days exclusively to the practical study of one of those pro- 
oesses (Ransome's), and having been unable, in that period, to elaborate 
even this single process sufficiently to warrant us in expressing a definite 
opinion upon its merits, it is obvious that anything like an elaborate 
examination of the numerous proposals which have only just now been 
sufapitted to us would ncquire the expenditure of a far greater amount of 
time than the oommittee could place at our disposal. 

3. Whilst regretting that it is not in our power to lay before the oom- 
mittee a positive recommendation of any particular process, wo beg to 
submit the following observations: — 

An examination into the nature of the several processes proposed leads 
to their classification under two heads — 

{a) Processes which are likely to afford permanent protection to the 

Btone. 
(6) Processes which are only calculated to afford protection of a 

temporary character. 

In tx>th of these classes there are proposals which may be at once 
excluded fn>m further consideration, on account either of their inappU- 
cability to stones when placed in a building, or of tho obvious misap- 
prehension on the part of the proposers of the problem to be solved. 

A proposal to protect stones by immersion in a boiling mixture of 
pitch, or resin, and oil, may be quoted in illustration of the processes 
which are only applicable to stones pre\'iou8 to their having become in- 
tegral parts of any structure. Again, the suggestion to cover the building 
with a coating of a mixture of sUica with sulphur, applied in a semifluid 
condition, would involve almost insurmountable difficulties in its prac- 
tical application; not to speak of the inflammability of the sulphur, which 
is only slightly diminished by the presence of the silica; or the uncer- 
tainty of the temporary character of the protection which, under tiie 
most favourable circumstances, could be afforded by this material. 

Several of the suggestions are based upon notions so obviously erro- 
neous, such as coating the building with sulphate of lead, and procuring 
an alleged galvanic protection by establishing oonnections of thu coating 
with plates of zinc; or, of ridding the buildmg of the principle of decay 
by fermentation-^that no object whatever could be gained by entering 
more fully into the merits of these proposals. 

Of the processes which are intended to affbrd permanent protection to 
the stone, and the use of which is not precluded by the concUtions of the 
case, there are several which claim a careful investigation. These pro- 
cesses may be classed under the foUowing heads: — 

1. Application of silicates of the alkidies, in various states of concen- 
tration. 

2. Application of silicates, in conjunction with various saline com- 
pounds, intemled to produce double decomposition. 

3. Application of hydrofluoric or hydroflnosilicic acid, or their saline 
compounds. 

4. Application of phosphoric acid, and acid phosphates. 

5. Application of solutions of the itlkAliTift earths, or their bioarbonates, 
in water. 

All these processes are more or less based upon chemical considerations, 
which are supported by analogy, and which, in the case of the two first- 
named classes, have received considerable experimental confirmation. 
The experiments which are now in progress with several of the processes 
included in tho two first sub-divisions, will, we believe, in the course of 
a few years, furnish ample data for correct conclusions regarding their 
applicability. In the meantime it might be advisable to apply to por- 
tions of the New Houses of Pariiament actually undergoing decay, cer- 
tain processes selected as representatives of the remainmg classes above 
enumerated, in order that their merits might be submitted to the only 
conclusive tests— those of actual application, and protracted exposure to 
the corrosive influence of a London atmosphere. 

The second division of processes— namely, those which are only calcu- 
lated to afford protection of a temporary character, are, from their very 
nature, of minor importance for the purposes of the committee's inquiir; 
nevertheless, as the claims to permanence of none of the processes of the 
first division have as yet been substantiated by the test of time, we 
would recommend that, in addition to the experiments already nuide in 
this directkm, further trials be institated of some of the more promising 
inaterialB of this particular description. This recommendation is based 
upon the oonaidMDation that lubttanoM included under tho appellation of 



organic differ essentially in their powers of resitting the destructive 
action of the atmosphere. Whoever is acquainted with the nature of 
organic substances cannot fail to appreciate the different degrees of star 
bihty under atmospheric influence exhibited by gluten, gelatine, or 
starch (which we find emmierated among the proposed protective agents), 
and by bees*-wax and paraffine — not to speak of many of the fossil gums 
— which exhibit a degree of permanence approaching that of mmoral 
substances. 

The materials which we would recoipmend for selection to be tried in 
comparison with linseed oil, are paraffine, beefl*-wax, and some of the 
more permanent gums and resins, applied in tlte form of solutions in 
volatUo solvents. 

We should not omit to remark that some of the witnesses and others 
who have addressed the committee speak of secret prooesses. We can- 
not, of course, offer any opinion regarding suuh proposals; but we should 
doubt the applicability of any suggestion which would demand the veil 
of secrecy for protection. 

Finally, we beg to state as the result of the experience which we have 
been enabled to acquire during the prosecution of our investigations on 
this subject, that a definite solution of the question at issue can only be 
arrived at after the lapse of a considerable period; since the relative 
merits of the processes which we recommend for trial can be established 
only by the test of time. 

A. W. HOFXAKN. 

K. Frakklastd. 
F. A. Abel. 



Report of Sub-Committee on the Nature and Causes of Decay of 
Building Stones. 

Sib, — Having been requested to submit to tho committee our opinion 
on the nature and causes of the decay of buflding stones generally, and 
of the stone employed in tho construction of the New Houses of Parlia- 
ment in particular, we now have the honour to submit the following 
observations: — 

Builrling stones in general may be divided into two classes, — 1. Thow 
which consist of materials not easily acted upon by acids; 2. Those com- 
posed of materials which are partially or entirely acted upon by acids 
with facility. 

As an illustration of the first class, granite porphyries and serpentines, 
may be quoted; whilst to the second belong limestones, dolomites, and 
certain sandstones containing carbonate of lime as cementing material. 

The stone used in the New Houses of Parliament bdongs to the 
second class of building materials; consisting as it does almost entirely 
of the carbonates of Ume and magnesia. The following analyses of 
several varieties of dolomite by Prof. Daniell and Messrs. T. Bansome 
and B. Cooper, are quoted in illustration of the general composition of 
the stone in question. (See table, p. 840.> 

Regarded from a purely chemicad point of view, the difference in the 
resisting power to corrosive agents of different stones would appear at 
first sight to depend entirely upon their chemical composition; but even a 
moderate acquaintance with the properties of the components of such 
building stones demonstrates that there are other conditions at least 
equally instrumental in determining the degree of permanence of diffe- 
rent stones. 

It is a well-established fact that the tame chemical substance exhibits 
in different conditions a great variation in its behaviour with chemical 
agents. Niunerous examples might be quoted in illustration of this. 
Aus, marble and chalk are chemically identical; but owing to the dif- 
ference in their physical structure, the one being ciystalline and the other 
amorphous, the former is much less readily actc<1 upon by acids than the 
latter. Again, artificial peroxide of iron is readily soluble in acids; per- 
oxide of iron, in the form of haematite, is attacked with difficulty by 
acids; and the same oxide, after exposure to a powerfid heat, is almost 
entirely insoluble in acids. The influence of aggregation in these in- 
stances, and in numerous others which might be quoted, is obvious and 
generally admitted by chemists, however different and imperfect may be 
Sieir views regarding the connection between physical condition and che- 
mical effect. 

The observations just made reganling the behaviour of substances 
such as enter into the composition of building stones, cannot but apply 
with equal force to the aggregates of such components to the building 
stones tnemsclves. 

The atmospheric influences to which building stones arc subject are 
many of them essentially chemical actions, involving processes analogous 
to, or identical with, those performed in the labi>ratory; although from 
the extreme dilution of the chemical agents, as existing in the atmosphere, 
they must necessarily be of a very gradual character. 

There are few instances in which the influence of the state of aggr^^ 
tion upon the permanenoe of a building stone is more apparent than in 
that of the dolomitic limestone, used in the construction of the new 
Houses of Parliament. Here, in one and the same block of stone of 
comparatively small dimensions, we find certain portions of the surface 
powerfully disintegrated, while others appear in a perfectly sound condi- 
tion. Chemical analysis has hitherto failed to establish any important 
diflference in the oompoeitkm of sound poitioiui of such stones and thoso 



340 



THE CIVIL ENGINEER AND AECHITEOT'S JOUBNALi 



Uror.ltlMl 





BouoTia Hoom. 


KoETH Amov, 


WoooBovn. 


SnnuT. 




Baniell. 


Banflomeand 


Banaomeand 


ftiMHMMiM^ and 


Bauomeand 


BaneooM and 






Cooper. 


Cooper. 


Cooper. 


Cooper. 


Cooper. 










Stone Ends. 






Carbonate of lime 
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Carbonate of magnesia 
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Oxide of iron and alumina 
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— 
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... 
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— 


1-30 
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1-6 
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2-3 


0-46 



parts which are subject to decay: it is therefore legitimate to attribute 
the unequal permanence of the stone, under atmospheric influences, to 
such structural differences as may be comprehended under the term — 
state of aggregation. 

Before proceeding to an examination of the particular character of the 
flecay observed in tiie stones of the new Houses of Parliament, it may 
perhaps be desirable to glance at the nature of the changes to which 
building, stones generally are subject under atmospheric influences. 
Under normal conditions these changes must be ascribed to the action 
of the oxygen, carbonic acid, nitric acid, and water, in the atmosphere. 
In the air of towns however there are certain other constituents, such as 
neveral acids of sulphur, and occasionally hydrochloric acid, wldch can- 
not fail to exert an additional disintegrating influence upon building 
stones. 

The action of oxygen must be of comparatively a subordinate cha- 
racter; its effects being confined to constituents which occur but rarely, 
and generally in limited proportions, in building stones; such as the sul- 
phides of iron, and the protoxides of iron and manganese; these com- 
pounds, being very prone to oxidation, would tend to disintegrate the 
stones by the absorption of oxygen. Of far greater importance are the 
effects of carbonic acid and water. Carbonic acid in the presence of 
water is a powerful solvent: it not only corrodes the calcareous and mag- 
nesian carbonates (more or less powerfully according to their state of 
aggregation), whether they form the principal constituent of the stone, or 
are only present as cementing materials; but is capable even of attacking 
and gradually decomposing & hardest and most indestructible rocks. 

In the case of the calcareous and magnesian constituents of stones, 
carbonic acid acts by transforming the insoluble earthy carbonates into 
soluble bi-carbonates, which arc thus removed from the substance of the 
stone; whilst its influence on silicious rocks consists in the elimination of 
the alkaline bases in the form of carbonates, and the separation of the 
silica in a more or less friable condition. The weathering of granites, 
and their gradual transformation into the several varieties of porcelain 
clay, aflbni an interesting illustration of the latter kind of action. In 
the changes just mentioned the carbonic acid and water are equally con- 
cerned; itie water serving not only as a vehicle for the introduction of 
the carbonic acid into thepores of the stone, but also as a solvent for the 
products of its action. There are changes however to which building 
stones are subject in which water is the sole agent, and which are more 
of a mechanical than a chemical character. T^ expansion which water 
undergoes in freezing, and the irresistible force which it then exerts, 
are well known; it is obvious that water freezing within the pores of 
a stone must exercise a disintegrating action not less powerful than those 
above referred to. 

Recent researches have demonstrated that nitric acid is a frequent and 
perha])A even a normal constituent of the atmosphere; and as such must 
undoubtedly assist in the destruction of magnesian and calcareous stones; 
but the proportions in which this acid has been found are so minute that 
it need not be dwelt upon as an important destructive agent. This re- 
mark however does not apply to the acids referred to alwve as existing 
in the atmosphere of towns. The quantity of sulphur acids in the air of 
towns where a considerable amount of coal is consumed is quite appre- 
ciable. According to the determinations of Dr. Angus Smith, the air of 
Manchester contains an average proportion corresponding to 1 part of 
sulphuric add in every 100,000 parts of Air, which in the centre of the 



town rises to 25 parts in 100,000. No numerical data exist with regard 
to the proportion of sulphur acids in the London atmosphere; but it can 
scarcely be doubted that in the ifeighbourhood of the new Houses of Par- 
liament they are pnisent to an extent equal to the average amount found 
in the Manchester air: they must therefore be resarded as among the 
more important agents destructive to stone which are pretent in the 
London atmosphere. 

A few observations remain to be ofiered r^arding the partionlar 
nature of the decay manifesting itself in some of the stone of the new 
Houses of Parliament. It has already Iteen pointed out that, so far as 
our experience goes, we are inclined to attribute the local character of the 
decay to structural diflerenccs obtaining in difierent parts of the stone. 
The general structure and the composition of the stone in the new Houses 
of Parliament render it moreover amenable to all the sources of disinte> 
gration which wo have above enumerated, with the exception perhaps of 
oxygen, which can scarcely produce any appreciable alteration in dolo- 
mite. Thus, the chemical action of carbonic and stdphuric acids in com- 
bination with water will gradually dissolve and remove the carbonates of 
lime and magnesia, whUst the porous nature of the stone renders it 
liable to the mechanical effects of water under the influence of frost. 
The presence of sulphuric acid in the air of towns appears in the case of 
magnesian limestone to bring into play another process of destnicticm. 
This acid not only corrodes and renders soluble, as we have pointed^ out, 
the earthy carbonates (in which respect it resembles carbonic add in 
its effects), but, forming with magnesia a readily ciystallisable salt^ the 
well-known sulphate of magnesia, renuvkable for the large proportion of 
water of crystaSlisation which it fixes, it gives rise in addition to a me- 
chanical destruction of the stone precisely similar to that produced by 
freezing water. The powerful mechaniod effects resulting from tlie 
solidification of water induced by crystallisation are well known; although 
it would appear that they have not hitherto been sufficiently appreciated 
as auxiliaries in the process of disinintegration of stone. The analogy 
between the solidification of water by freezing and by crystaUisation is 
perfectly obvious; and a French chemist has suggested, as a means of 
recognising stones liable to disintegration by frost, to immerse them in » 
solution of sulphate of soda, and to note the subsequent effeots of its 
crystallisation within the stone. 

*We have ourselves recently had occasion to observe some phenomena 
which go far to elucidate these destructive effects of crystallisation. The 
exfoliations exhibited by many of the fictile vases deposited in the 
British Museum were found to be due to the formation and crystalliaa- 
tion within the substance of the vessels of nitrate of lime. Again, in 
experiments on the preservation of fabrics by impr^nation with saline 
substances, it was found that tiie crystaUisation of sulphate of m ag n e si a 
within the material produced a disintegrating effect upon the fibres, suf- 
ficient greatly to weaken the material. 

In conclusion, we would remark that the effect attributed to the crys- 
tallisation of the sulphate of magnesia in assisting the decay of dolomitic 
stones, and more particularly of those used in the construction of the 
new Houses of Parliament, is l)ome out by the existence of a marked 
effloresence of sulphate of magnesia upon those portionB of the stune 
where exfoliation has taken place. 

A. W. HoncANsr. 

E. Fbanxlabd. 

F. A. Abxl. 
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Treaiiie on MiB$ and MiU Work. Part L By William Fair- 
BAiBjr, CKy &C. — ^London: Longman. 1661. [Second Notioe.] 

We resume our consideration of the chapter on the flow and 
discharge of water. 

Very useM tables as well as formnl» are given for the theo- 
retical and actual yelodties of discharae from rectangular 
notches, waste-boards, and weirs. "Mr. Fairbaim then proceeds 
to the consideration of the friction of water in conduits and 
pipes: — 

** In long tubes an increased retardation arises, which must be ascribed 
to the friction of the fluid against the sides, and it has been ascertained 
that this element of retardation, whilst independent of the pressure of 
the fluid, increases in ratio of the length of the tube, and decreases in the 
|in verse] ratio of the width or diameter. It also increases nearly as the 
square of the Telocity. 

For pipes of uniform size, and with no considerable amount of bendrog, 
it may be shown that the velocity of discharge 
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or if A be not very small, neglecting the last term, 
and if the pipes be very long, 
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where I =: length of pipe in feet; d = diameter in feet; h » head in feet; 
and the constants have been derived from the experiments of Prony and 
d'Aubuisson. 

Formula (8) very nearly coincides with that given by Poncelet — ^viz. 

^ 2800^ 
l+6id 

The most convenient way in practice of estimating the retardation of 
friction in the pipes is to measure the head of water which is requisite to 
overcome the hiction, without increasing the velocity of the current. In 
calculations of quantity, when the head A, necessary to generate the 
required velocity of exi^ has been estimated by the rule for thick-lipped 
orifices already given, another head A, must be added, as necessary to 
overcome the friction, if the orifice is prolonged into a tube. 

The height to overcome friction may be calculated from the fonnula, 



. = 47-9. /I^Il./? 



A. = n -. . — 
d 2g 
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where n is the coefficient of friction derived from experiment 

Wo may combine this formula with the preceding formula for the dis- 
charge from a thick-lipped orifice, putting m=coefficient of resistance for 
the portion of tube next the cistern, and n= coefficient of resistance for 
the remainder of the tube, we then have for the whole head of water 
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A=(l + .+n.J); 
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and patting a=area of orifice, the diBcharge= 

Q = at; (15) 

If there be bends in the tube, an increased element of resistance is 
introduced; if we put |> for the sum of the resistances due to this source, 

*=(l+«+„^ + ,)| (18) 

... (17) 
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These formuhe we have from Weisbach's 'Mechanics of Engineering,* 
from which the following table has been reduced and adi^ted to English 
measures. To use this table, look in the horizontal line at top for the 
nearest velocity in feet; in the vertical colamn underneath, and opposite 
the nearest number of inches, will be found the value of % required* 
Thus, for a velocity of 6 feet 8 inches per second, the coefficient n will 
be found to be '0211, behig under 6 ana opposite to d." 



TMt of the Value of the Oo^fieient of FrieUon n for different 
VdocUiee. 
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Another formula is brought forward, as deduced by Weisbach 
frcHn sixty-three experiments, on the supposition that the friction 
is resolvable into two terms, of whicb one increases as the square, 
and the other as the square root of the cube, of the velocity. 
According to this formula, the head due to friction, in feet 
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A very convenient and useful table is then given, computed 
from Weisbach's formula, for pipes of various diameters, and for 
different rates of discharge. It must be remarked that Weis- 
bach's formula is repeat^ at the foot of these tables, with the 
numerical constants rather smaller than they were given in the 
preceding text. 

Mr. Fairbaim devotes two chapters to the construction of 
water-wheels. The subject is fully illustrated in every detail, 
and treated in a very practical and useful manner. The weight 
of our author^s experience and judgment is evidently in favour 
of breast wheels as compared with both over-shot and under-shot 
ones. A description is given of the wheels of the Catrine Works, 
in Ayrshire, constructed by Mr. Fairbaim, on the high-breast 
system, about thirty-five years ago. During this time we are 
told that they have required little no no repairs, and the^ remain 
nearly as perfect as wnen thev were first put up. No improve- 
ment of note appears to have oeen made durinff that time m the 
method of construction, if we except the ventilation of buckets, 
which seems to have been introduced shortly after the erection 
of the Catrine wheels, and applied to them in 1828. 

In describing M. Poncelet's skilful modification of the under- 
shot wheel, it is stated, on M. Poncelet's authority, that the duty 
performed is nearly 60 per cent of the water-power expended — 
or about the same as the performance of Mr. Fairbaim's wheel 
with ventilated buckets and no sole, for low fisdls. 

In treating of the turbine, the various modifications of that 
elegant machine are given in considerable detail. They are 
claasified as — 1st, Those in which the water passes vertically 
through the wheel; 2ndly, Those in which the water flows hori- 
zontaUy and outwards; and, 3rdly, Vortex wheels, or those in 
which the water flows horizontally inwards. 

TurbiTiee in which the water flows horizontaUy arid outwards. 

** In turbines of this class the revolving wheel is placed outside of the 
fixed wheel, so that the water directed by guide-plates on the inner 
wheel strikes the curved vanes of the outer wheel, and forces them 
round by pressure and reaction. The water is regulated by a cylindrical 
sluice fitting between the fixed and movable wheels. 

M. Foumeyron's turbine is the chief example of this class. Its advan- 
tages, as stated in M. Ponoelet's Report to the Academy of Sciences at 
Paris, are the high velocity at which it may be worked without reduc- 
ing its useful effect, its small size, and lastly, its capability of working 
equallv well under backwater. From the experiments of M. Morin, the 
coefficient of useful effect appears to range from 0*60 to 0*80. On the 
other hand, it has to the full me defects of this class of machines, requiring 
the utmost nicety of design and execution, and being very susceptible to 
injury from small bodies carried into it by the water. It requires for its 
succ^sf ul application boUi a large acquaintance with the principles of lb 
construction and a considerable experience of its use: hence it wilL-lii^ 
unnecessaiy to do more in this place than to select for illustration cue of- 
the most successful instances of their implication. 

Fig. 1 represents a vertical section, and Fig. 2 a plan, of the cele- 
brated turbine erected under M. Foumeyron's direction, at St. Blazier, 
for a fall of 354 feet. This small wheel, of only about 2<( in. diameter, 
is employed in driving the machinery of a spinning factoiy of 8000 throstle- 

rfues, with the necessary preparing apparatus. In comparison with 
work it has to perfonn, it is thererore of a si^e altogether unique. 
The wheel consists of a cast-iron concave plate 1 1, keyed on the main 
axis a a; on this is fixed the annular wheel s s, consisting of an upper 
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TlK.-n :h'- wat^^r-whc-rl. with hs machinery, ie the most effci'.ive &ad th** 
iiio** tc'jD' :3^J'--a1 a[«f'!'>:4*.! zl -f th'- iytw*-r. 

TTj* r*; ■»:rr.t intr"i ;ct! n «.f thv lurKii.v may. hoTrever. c-fF-ct & chaase 
:n thii* cla-s "f iZ'jiu hi:.».r\-. a- i: L- a^inilra'r/.y a^iAi-kr'-i :*• KL-'n fall-, anti 
itay >^-- uiv.iTiV»j' ■■-:->.■ kzhI''.- •y-- 1 ;*: a L'.^i«rra>: C't:. Ti*e irrat obj«r- 
ll'*!i I'l ii' u-j ill t:.l- : r.. i- t:.- i.T-.u- .d-xiiT :i a:t«ii:i» t.-Li L'^'li faule, 

at 1-' :■! I J r^:r k-r I'T :..;:. .:-:. ^\i.-::. th^ u^f Y.'.z.'.'il-zlx ii ::.:'t]i.j; at tlie 
r.i!.'; '■: »•■•• ■ r '. • • r- ■• ! :! :.- > : :..i:.::v. T;.!= .'»j-j-rAr- '.-• U- :br clJv 
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n. ■■.::.-•■:--•.-:.> ■•: r -.M:..' u.iv r fr ::i iJvvjf :n:r._rf with :h- ai-i '^f cr.Ttrs»:Tst 
htr;\::.T on }.:.!. •i?'-." 

Tho pror.i'ri'.i'.-.^ of stoam are •Jiscii«»<i at eon?ideni>.le lencrth 
in a v-rry inoful oliaj.'.er. o-ntninin^' 'in addiiion to svverU other 
formulae and t-^blef*. exhioltin:^ tl.e relations of pressa e, t*mpfr- 
ratiire. &c.; the new nn-i inr-tru .niv*^ rt-snlts obtained V.y Mr. 
Fairbairn ftt 1 Mr. Ta:* fr-m exr.'-riments on the 'Jensity cf 
ste'im, air"vly noti> 1 in this .Tournil -atife p. 2K* . 

The varieties r»f r»ti»ionr»ry st^nm-^ninues next <^oTne tinkler 
consi'J'?ra:ion. j-n'l the eo'^Lon:^ '.tfectf-l >.r the use rf hiffh prT-«f- 
sure hte^m. an-l loni' exr-tn'kn. is von* 'listinctly •.iiown. Af:er 
a y»n:c*.:'ial chapter <.ii h .ilvr-i, a fe-A- p -e.-- on winrlniill:^ cou-plet* 
the volnifi'?. 

Altogether the irork is full cf inatruclion. It embodies tbe 
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rewiitH of an ext:u.-!v-f cxpL'ui.ncC' and of considerable study, in 
a shape that h^-'JIus iiktiy in jrove very serviceable to the lue- 
chani'-al encrineer and tiiy luiilwriirljt. Here and there {its we 
have previoUftjy had occnsi'.n to notice., theiv seems a want of 
that c^ireful r'.-vision under whi«,-h a fmok — of this chai-acter lanre 
especially — should p:i.is before jaiblicuiion. The cons>lruCiion 
aUo of a jnie of the &eijt..nc-es wc uM l« none ilie worse for a littlo 
editing. Hut as a whole v.o ihink the volume deserve^, and will 
find, an honourable pUtce in the sitaudard literature of its bpe- 
cial deijartmeut. 



An Appendix /•> //w? Fourth Edithm of the Hutiimentary Treat ife 

tin Clovks. Watrh'*:., tw*f litlh, yr, j\y ICicjrND B. Det^isok, 

M.A., <^i;.— Londo!!: .rnhn Wealo. 

This ajipcndix r.-latc-^ if a wr.ik which some short time ago 
waa r'.'viowed in tlii< .T.-.Tirn;d. and the nature of which, ri<5 at 
that tin.e wo ha-i o*.-.- t.,;.,n lo thow, i-j tw«ifold, — part of the 
volume bfrine of a .s'-lvu' '!•..•, aii.l part r.f n. «rontrover?>ial cha- 
I'act'-r. Tills appeU'liA shires in th'.* .same divided nature, for 
whilo its early pa;^'--*? aro •bn-otod to chronioHn^,' the last improve- 
ments in do^/ks and watcher, the remaining part is taken up by 
severe £trict,'irc.< on the (n.vt.ixni'/nt J. '•■'port, which we unticewl 
at the tini-; as afTnrdiiifr s «nio c'Dnfinuaiion from independent 
sources abuut traitsar'tluii.-? in which ^Mr. Denison is too doep]y 
intercstcil for the public to regard hi-? testimony as quite im]>ar- 
tial. 

To watch an«i clock '.ii.ikor.s tlic first fnir or five pa^s of this 
pamphlet, troatin;: of e.-t-Mpvnioin^. will be of interest. The 
notice at p:r„fe :J of a nnw warch e^Cip-^ncnt appears to describe 
a remarkably siiji[dL- aiT.'iri.L.-inont. whicli. so far as can be judged 
from a writUMi account only. muM be at once well contrived 
and solid, so that for cheap watches, likely to be subject to great 
wear and tear, it svem-; well worth adiption. 
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Into the controversy on the Westminster belLi we do not 
desire to plunge ourselres or onr readers. Suffice it to say, that 
Mr, BeniBon dtsplaya considerable forensic skill in his attacks 
npon the evidence of the Astronomer Eoyal and that of Prof. 
Tyndall, and certainly hits some weak points in that of the 
former, while he treats with undeserved ridicule other iinportant 
portions of the same evidence. It was not easy for Mr. Denison 
to dispose in the same way of the actual inTestigation and analysis 
made by Prof. Percy, nor does it suit his views to attempt to do 
so, since it is by the evidence of that genUeman that the un- 
soundness of the casting and inequalities in the composition of 
the metal are established. These defects are thrown upon the 
shoulders of the bell-founder^ the legal experience of Mr, Denison 
having led him to couclud© that, should the public once be 
induced to understand the bell-founder was in fault, they would 
forget that that fault is also shared by the gentleman nnder 
whoae superintendence and control the work was done, under 
whose eye the casting ought to have passed when first fresh out 
of the mould, and for whose satisfaction, we contend, some such 
preliminary tests ought to have been applied as have, now thai 
It is too late, proven indisputably that the bell ought never to 
have been hoisted. 

Mr. Denison has gone so far in this appendix as to show that 
there can be two opinions a^ to whether the quarter bells are or 
are not tn tunOi but he has not shown or attempted to show that 
it would have been irapo-wible by care and skill to detect, ere the 
bells were hoisted into their places, the existence of those defects 
which he now is most eager to point ont and most ready to 
denounce. The pamphlet will interest those, and those only, 
who have watched this great, and let ns add this lamentable 
controversy, from its commencement. 



An Amly$\9 of Ancient Domestie ArcMtecture in Great Britain, 

By F. T DoLLMAX ami J. B. Jobbins. Vol L Royal 4to. 

81 plates. — London: Atchley and Co. 1861, 

Since we last noticed the progress of this work, one half has 
been completed, in appearance it makes a moat attractive volume, 
and is roost <^refiilly illustrated. The subject of our ancient 
domestic architecture is one deserving of every attention, al- 
though until the last few years but little has heeo worthily done 
with it. The eccleijiasUcal architecture of our island has pro- 
perly received ever)' kind of investigation, and the transitional 
changes in its style have been pointed out, with proper regard 
to their chronologicd succession. Its decorative features, both 
external and interm^l, have occupied the pen and pencil of many 
of our beat architects, who have made it a labour of love to 
record in their pages thousands of examples of those creations 
which are so remark.ible for their beauty of design, and which 
but for such preservation must have been lost to the rising mem> 
bers of the profession. The coloured wall decoration also of 
mediiBval times, scantily e.ti stingy has been brought to light, and 
notice called to its excelK^nce; and the changes in the arrange- 
ment of onr churches at different periods of time have not been left 
unregarded. But it is remarkable that whilst the constnictional 
design and decoration, and, in fact, all in coonection with our 
ancient religious edifices, has received the amplest investigation, 
the existing time-honoured dwelUngg of the rich and middle 
olasses should not have been similarly treated. The architectural 
relics of a departed age are among the chief landmarks showing 
the country's advance in civilisation, and go far to exhibit truth- 
fully the social ctjndition of the people, from barbarous times to 
those of enJightenment. 

The publication within the last twenty years of illustrations 
of many noble dwellings of olden time, as well as those of the 
Elizabethan and Jacobean periods, has awakened attention to 
their vastness and ma^ificeooe, and to many historical associa- 
tions in connection with them, yet they liave all more or less 
been of that general chamcter as to render them of but little 
itse in a pntfessional point of view, from the absence of minute- 
ness of deUiil It is from thb circumstance that we look upon 
the present work, not onljr as a satisfactory addition to our stock 
of architectural information, but one of much practical utility. 
The volume is extensive iu its subjects, and gives excellent re- 
presentations in plan, elevation, section, detjiil, imd prspectiv©, 
from some thirty edifices, the dates of erection of which take the 
wide i-auge from the early part of the twelfth to the beginning 
of the seventeenth century; and although many exist almost in 
their origiDal perfection, yet it is to be greatly deplored that 



many are fra^ental, and even what remains is not exempt from 
th e spoils of time and the hand of the innovator. The abiding places 
of by-^one sovereigns and the palaces of dignified churchmen, 
we find, have furnished mauy plates, as well as existing monastic 
remains, and some which are no longer extant are here preserved, 
giving an additional value to the work. Several casteUated stnio- 
tnres nave many remarkable portions shown, and those eleeroosy- 
nary foundations which covered the land — proud monuments of 
the unbounded charity of our ancestors — figure here conspicuously 
as precedents that maybe looked at for adaptation to the require- 
ments of our time; and that other striking and picturesque 
feature of domestic architecture — the half-timbered dwelling— -is 
represented by some good varieties. 

The accompanying descriptions, though not elaborate, are 
clearly written, and contain sufficient historical and ai'chitectural 
information to make them valiiable; so that, lookiu^ at the 
work in every point of view, it cannot be considered other than 
one of much value, and if the second volume equals the firat, no 
doubt can exist but that it will take its place in the librni^ of 
the antiquarian, the archceologiBt, and the architect, by the sids 
of the works of Britton and Pugin. 

The numbers issued of vol, ii. are devoted to Penshurst Plaee, 
the ancient portion of which, we believe, tiU now, has escaped 
detailed illustration. 

^ . 

THE LATE SIR WILLIAM CUBITT, C.E^ T.RS. 

The loss of another eminent and highly esteemed member of 
the engineering world has to be recorded. Sir William Cnbitt*s 
death took place on the 13th ult, at his residence, CUpham- 
common, after an illness which for some years had prevented 
him from following his profession. He was in the 76th year of 
his age, having b^n bom in 1785, at Diiham, iu Norfolk. Sir 
William was of a different family from the late Sir Thomas 
C?ubitt, In early life he assisted his father, who carried on the 
business of a miller-, but quitting this occupation he was appren* 
ticefl to a joiner. In his new employment he soon acuuirea the 
character of a first-class workman, and became esfieeially skilled 
in making agricultural implements. Not long afterwaixis he 
adopted the trade of a millwright, and obtained ample employ- 
ment in the erection of machinery. In 1807 bo promulgated his 
invention — which has since been so commonly adoptea--of the 
self- regulating windmill sails. Shortly afterwards he became 
connected with Messrs. Ransome and Son, the celebrated agnctd- 
tural implement makers of Ipswich. Messrs. Bansome^s bnsineiis 
extendea beyond the mere manufacture of agricultural imple- 
ments; and accordingly Mr. Cubitt was extensively engaged in 
the construction of gasworks. In connection with prison disci- 
pline his name will ever be remembered as the inventor of the 
treadmill, which has since been introduced into nearly all of her 
Majasty's gaols. The innovation however did not take its placo 
amongst the institutions of the conn try without being subjetJted 
to a large amount of ridicule and opposition. The first tread- 
mill was erected at Brixton goal in 1817, In 1826 Mr. Cubitt 
settled in London as a civil engineer, and immediately was en- 
gaged in works of the most important character. In 1827 an 
act was passed for the improvemeni of the Norwich and Ix>we- 
stoft navigation^ and Mr. Cubitt was appointed engineer. The 
object was to open a navigation for sea-going vessels from Yar- 
mouth or Lowestoft to Norwich. To effect this Mr. Cubitt 
united the river Ware with the Waveuey, thence to the small 
lakeof OuUon Broad, through Lake Lothing, with a passage on- 
ward to the sea, 700 yards long and 40 wide — Lake Lothingwing 
thus formed into an artificial n arbour, the tide-lock of which wiu 
admit vessels of 84 feet long and 21 feet in beam. This under- 
taking Wfts completed in 1829. Amongst his subsequent emj>!.jy- 
ments he deeiigned the South Eastern Railway, iucludint,^ tlie 
removal of the South Cliff by bliiating, which feat w.is jicmm- 
pli^hed under his superintendence. He wns officially appointed* 
being then President of the Society of Civil Engineers, to exer- 
cise a superintending wat^^hfulness over the construction of the 
building for the Great Exhibition of 1851, in Hyde-p''^^ TT»* 
received the honour of knighthood for thus eontn s 

scientific experience in carryinjz ont this national utj i^ 

The great works upon which Sir William Cubitt was engaged 
during th© later period of his life were the London and York 
Railw.iy, and the two large floftting stages in the Merwy at 
Liverpool, one of which was illuatmte*! in the volume of 'this 
Journal for 1865, and the new iron bridge across the Medway at 
Rochester, 
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Fowke, RE.y who acts for her Majesty's Commissioners. He 
confers with a buildinff committee, conrisdng of the Earl <rf 
Shelbume, Mr. W. Fairbaim, and Mr. W. Baker, and her Ma- 
jesty's Commissioners reserve to themselves the final approval 
of eveiTthing. Capt. Fowke is assisted hj Capt Philpotts and 
Lieut Brooke, and certain non-comraissionea officers of the 
Boyal Enfi^neers. Mr. Clemence is the contractors' foreman of 
works. No clerk of works is employed. The contract is o( a 
threefold character: for the use ana waste of the buildings a sum 
of ;£200,000 is to be paid absolutely; if the receipts exceed 
£400,000, then the contractors are to take up to a further sum 
of ;£400,000; and if this sum is fully paid, then the centre acre 
of the ^reat pictnre galleries is to be left as the property of 
the Society of Arts. Lastly, the contractors are bound to sell 
absolutely the remaining rights ovier the buildings for the further 
sum of Jt 130,000, which may possibly be paid by the surplus 
neeipts of the Exhibition, if the success be great, of which there 
ia a good prospect 



NEW THEOBY OF THE FIGUBE OF THE EABTH. 
By F. C. Bakewell. 

Assuming the correctness of my views of the action of centri- 
fugal force on the earth, as explained in the Ciml Engineer and 
Architecfs Journal of August and October last, I will now pro- 
ceed to consider some of the consequences that would result from 
the establishment of ray theory. 

In the first place, if it be admitted that the tendency of the 
rotation of a solid globe is to impel particles towards the poles 
instead of towards the equator, it follows as a necessary conse- 
quence that the oblate-spneroidal shape of the earth could only 
have been produced by rotation when the whole mass was in a 
fluid or in a semi-fluid state. It is indeed generally considered, 
that the matter of the earth was originally fluid, but that condi- 
tion is not regarded as essential to its sphei^oidal form; for it is 
commouly supposed that if the globe were originally a solid 
sphere, the action pf water on the surface would accumulate 
matter at the equator. According to my theory however, the 
spheroidal shape of the earth could only have been given to it, 
by the action of centrifugal force, when the particles of the mass 
were free to move, and when the poles could be compressed by 
their superior attraction, and force out matter at the equator. 
The particles of the fluid matter would then dispose themselves 
so as to equalise the attraction on all parts of the surface. 

The first question then to be considered is, how was the equi- 
librium thus originally established disturbed? It is indeed 
stated by Clairaut, in his 'Theorie sur la Figure de la Terre,' 
which is regarded as a great authority, that the earth is at pre- 
sent in equilibria, and that all hypotheses which attempt to 
account for the figure of the earth must be rejected which do not 
agree with that assumption. But if that assumption were correct, 
the attraction of gravitation would be equal on all parts of the 
globe ; and the fact that it is not so is of itself a sufficient 
proof that the matter of the globe is not now disposed in the 
spheroidal form of rotating equilibrium. Though it is almost 
self-evident that the globe cannot be in equilibrio if its attrac- 
tion be different in different parts of the surface, it may be desi- 
rable for the more clear understanding of the conclusions I have 
drawn from the original equilibrium of the globe, to explain the 
meaninff of the term as applied to the earth, and to point out the 
state of independent equilibrium which a rotating fluid mass 
would assume in space, 

A body is considered in equilibrio when there is equal counter- 
action of the different forces acting upon or within it. A rotating 
fluid mass is acted on by two opposing forces — viz. the attraction 
among its particles, and centrifugal force. The former tends to 
collect the mass into the form of a sphere round a centre of 
attraction, and the latter tends to make it fly off in directions at 
right-angles to the axis of rotation. When the attraction of 
gravitation is greatly in excess of centrifugal force, as on the 
earth, the result of the action of the two forces is to mould 
the BDhere formed by gravitation alone into an oblate sphe- 
roid; by which change of form the accumulation of attractive 
matter near the equator comiteracts the effect of oentri^gal 
fbroe; the quantity of accumulated matter being just sufficient to 
ooonterbalance the opposinff foree in every part of the globe. 
Under such circumstMioea theMfore' the I^th ^rbuld be in efui-- 
ilM^ and, being in eqwmv^ M ivonUI lO^ract wilb eqilal fbrce a- 



particle placed anywhere on its surface. This equality of attrac- 
tion onUU|[^)aA>%f lAt^IttiHKii^isiUacesu of the 
equilibrium of a fluid globe, for it is evident that the pressure of 
all partsto the centre must be equal, otherwise the fluid would 
not remafe at rest; and if the pressures be equal, the attractions 
must alwbe equal, for the pressure is the effect of attraction. 
Thus it whI^;^ perceived that in a rotating fluid spheroid the 
centrifugal fonuyould be entirely counteracted by the accumu- 
lation of an addmonal quantity of attractive matter near the 
equator, and a panicle on that part of the globe would not be 
ntged to fly off froA the surface any more than a particle near 
the poles. This iaaii ftnportant condition of the equilibrium of the 
eartn, and, as nMB7'caht>neous opinions have obtained irom dis- 
regarding it| I beg psrtictdariy to request attention tc^ the fact, 
that if the earth wen in a state of equilibrinmY ceytrit^i^ force 
at the equator wquUI be completely ooonteraoted imd MufaM to 
nothing. \ .: ; ^~,^^xJ:y.: 

As tbeA is fstitf one sph^oidal shape that a fl nid wa sa 'iJ J Niilifc '' 
with a given vetoji^ pan aaiam# to be i];^^ftt«tei)^M|tljljJBib|;;iS 
also there is only one velocity of equilibrium |k>^iDi6 tO^Pgmoi 
rotating solid spheroid. If it were possible for a floid apbertndal 
mass when in rotation to be eonaolidflited ih .exactly the same 
form and size, the solid spheroid would remain in equilibrio. But 
it would be impossible lor the fluid spheroid to be consolidated 
without undergoing change of form, for nearly all fluids occupy 
less space when solidified; and if, as geological discoveries l^d 
us to believe, the matter of the earth were originally in a state 
of fusion, the contraction of the rotating mass as it cooled, and 
the condensation of the aqueous and other vapours in the sur- 
rounding atmosphere, must have greatly diminished its previous 
size. The contraction of the matter wfthin smaller limits would 
necessarily increase the rapidity of rotation, and when the crust 
of the globe became hardened, the matter would no longer be 
able to adjust itself to the form of equilibrium, due to the in- 
creased velocity, by the further compression of the poles; and 
the attractions of gi'avitation on various parts of the surface 
would consequently be unequal. 

Taking into consideration the geological facts bearing on the 
subject, the most reasonable hypothesis by which the existing 
variations in the attraction of gravitation can be explained 
appears to be, that the earth was originally in a state of equili- 
brium of fusion; that by contraction of the fused mass, and by 
condensation of surrounding vapours when cooling, after the sur- 
face had been solidified, the velocity of rotation was increased; - 
and that the equilibrium of form, which had been adjusted to a 
slower degree of rotation, was thereby disturbed. The adoption 
of that hypothesis would not affect my poeition, that the tennency 
of the attraction is to the poles and not to the equator, for I 
showed in the preceding articles that, whether the rotation be 
quicker or slower than the velocity of equilibrium, the effect of 
centrifugal force would be to increase the ratio of attraction at 
the poles. 

An important practical conclusion is to be drawn from this 
view of the question, for assuming the form of the globe to have 
been initially that of equilibrium, all the costly experiments to 
determine the figure of the earth by the vibrations of pendulums 
in different latitudes must be considered entirely worthless. The 
calculations from those experiments have been based on the 
assumption that the effect of centrifugal force in diminishing the 
attraction of gravitation on the surface of the earth may l>e esti< 
mated from the radius and the velocity of rotation. With a 
given radius and a given velocity of rotation the effect of centri- 
fu^ force can be easily determined in detached bodies, therefcore ' 
it has been assumed that the same calculations mutt apply to the . , \ 
whole mass of the earth. But it will be readily nerceived |that; » 
the effects of centrifugal force on the surface of thn p?rth must' 
be very different from its action on a rotating artificial globe, 
when it is considered that the earth was once in a state of equili- 
brium, in which condition particles of matter would be attracted 
to it by gravitation in an equal degree in every latitude. The 
centrifugal force and the attraction of gravitatton would be, in 
effect, in the same state of equilibrium as two equal weights in' 
the opposite scales of a common balance. If into one of the scales 
an additional pound were placed, it would prssa downwards wkh 
the weight of a ponnd only, the attrufction of the first wtsight 
being counteracted by the equal weight on the opposite seaMi 
In the same ikuuiser^ when the initial eentiif^gal force has baen 
coonterbalanoed'by! the acanmnlatlini'«f' aiitiAotiVe iQatter<neHi» 
the equator^ tbe< in^feas^ of liMt Iten ti^rite^berBaaed npMiay* 
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of rotation woald alone be effective; and to indude the initial 
velocity of rotation in estimating the present amount of centri- 
fugal force is to commit the same error as to include the original 
and equipoised weight in the scale with that of the pound subse- 
quently lidded. Yet this is the mistake that has biden made in 
attempting to determine the figure of the earth from the vibra* 
tions of pendulums. 

Supposing the earth to be in the condition of equilibrium^ 
and that attempts were made to measure its figure by the vibra- 
tions of a penaulum, first at the equator and afterwards near 
the poles, the results of such experiments would represent the 
earth's form to be that of a cylmder, for the vibrations would 
be equal in all latitudes. Assuming a small increased velocity 
of rotation to be then imparted to the globe, pendulum ex- 
periments would represent it to be a very elongated spheroid. If 
the initial velocity were increase one-fourth, the experiments 
might accurately represent the fizure of the earth; or if, again, 
the velocity were further increased, they would represent it to be 
an oblate-spheroid of greater eccentricity than it really possesses. 

Whatever changes tie surface of the earth may have under- 
gone since it received its present spheroidal orm, it must have, 
so to express it, a nudeui of equilibrium. The variations in 
the attraction of gravitation, therefore, onlv indicate the excess of 
the initial velocity of equilibrium, and the effect of centrifugal 
force in diminishing the weight of a body is the same as it would 
be on a solid sphere, previously at rest, when put in rotation 
about its axis with a velocity only equal to that excess. It is 
computed that the loss of weight of a body at the equator com- 
pared with the weight of the same body at the poles is equal 
to rl^th part of the whole; but, according to my view of the 
question, such computations, founded on the radius and the ve- 
locity of rotation, must be erroneous, because the variations in 
the attraction of gravitation are not caused by the initial velo- 
city of rotation, but only by the excess of centrifugal force above 
the previously established equilibrium. 

It would have been no sufficient objection to my hypothesis 
respecting pendulum experiments had thev agreed exactly with 
the measurements of the figure of the earth by arcs of the meri- 
dian. Soch an agreement might have been only a remarkable 
coincidence, which, as already observed, might take place sup- 
posing the velocity of the earth's rotation to have been increased 
one-fourth after equilibrium of the form had been adjusted. 
But the computations of the figure of the earth from the pen- 
dulum experiments do not agree with measurements of arcs of 
the meridian, nor with calculations founded on the ordinary action 
of .centrifugal force. The disagreement is admitted to be greater 
than can be accounted for by supposed errors of observation; and 
the attempts that have been made to reconcile the differences have 
failed to do so. Accord iu^ to calculation, the attraction of gravita- 
tion at the equator should be ^^th part less than at the poles, but 
according to pendulum observations the difference amounts to as 
much as yi^th part, the latter fraction exceeding the former by 
T^. It has been attempted to explain this discrepancy by sup- 
posing that the globe is aeuser in some parts than in others, and 
by attributing it to the spheroidal figure of the earth, which is 
imagined to increase the attraction of the rotating globe at the 
poles: thus in fact admitting my theory. But the endeavours 
to reconcile the observations of the pendulum with the computed 
effects of centrifugal force are admitted not to be satisfactory, 
and they have, indeed, little foundation but in the desire to make 
them agree; for, unless the differences can be reconciled, the 
errors are so great, as to be considered fatal objections to that 
method of determining the figure of the earth. 

It has been stated as an objection to my views of the action 
of centrifugal force on the earth, that if bodies were attracted 
towards the poles, the water of the ocean would fiow there, and 
leave the equator dry; but a similar objection would apply equally 
to the accepted theory, that the attraction is towards the equator; 
fur it might be said that in such case the sea would accumulate 
there and leave the poles. The objection is not, however, of 
much weight in either case, when it is considered that the depth 
of the ocean, as compared with the diameter of the earth, is not 
greater than the film of moisture that adheres to the surface of 
an artificial globe, and that the ocean may therefore be retained 
in its present bed by merely local causes. 

The greater attraction of gravitation at the poles than at the 
equator has, however, there can be little doubt, an important 
effect on the comparative densities of the atmosphere over the 
polar and equatorial regions of the globe. If the surrounding 



atmosphere, to a height of 50 mile8» were a non-elastic iloSd, 
the spheroidal nudens of the earth, having greater attraction at 
the poles, would cause it to assume the figure of a 8phMt>id of 
less eccentricity than would be due to the free action of centri- 
fugal force. The elasticity of the air would however compensate 
for the variation of attraction, by increasing the density, mstead 
of by changing its form, therefore it is reasonable to assume that 
the extemid configuration of the atmosphere corresponds with 
that of the earth, and that its normal density is proportioned 
to the attraction of gravitation in various latitudes on the sur&ca 
of the globe. This hypothesis is to some extent confirmed by 
the observed difference of the pressure of the atmosphere at the 
equator and in latitudes nearer the poles, which is nearly in the 
ratio of the observed difference in the attraction of gravitation. 

My theory of the action of centrifugal force on the earth 
would, if accepted, lead to further consequences than those I have 
indicated. The objections that have been raised to it are baaed 
on a consideration of the action of centrifugal force limited to 
separate particles of matter, supposed to be attracted towards a 
central point, without regard to the fact that the weight of each 
particle consists in its attraction to aQ other particles of the mass 
of the earth, and that any circumstances which diminish their at- 
traction to one another diminish their weight. No attempt has 
yet been made to answer the arguments oy which I have en- 
deavoured to support my theory, and the more I consider them 
the more strongly do I become convinced of the correctness of the 
views I have explained, and to which I earnestly request unpre- 
judiced consideration. 

Hampstead, Oct. 15, 1861. 

The Late Mr. Henry Auitin^ C.E.— On the 9th ult. Mr. Henry 
Austin, civil engineer, died in the prime of life, sincerely re- 
gretted. Mr. Austin was a pupil of the late Mr. Bobert Ste- 
phenson; and assisted with the drawings for the London and 
Birmingham Bailway, and the London and Blackwall Bailway. 
He afterwards accompanied the late Lieut. Waghom through 
Italy, at the time the latter was aranging the Overland Boute. 
Mr. Austin acted as the honorary secretary of the Society for 
the Improvement of Towns, that was founded by Mr. Hickson 
and others: and, on the establishment of the first Board of 
Health (in 1848), was appointed secretary. He also acted for a 
time as joint secretary of the Sewers Commission. When the 
duties 01 the Board of Health were undertaken by the Privy 
Council, he was appointed inspector under the new act^ and con- 
tinued to hold that ofiice till he died. 

Diecoveriee at Suez. — ^The excavations for the canal, it is said, 
have led to the discovery at Gizeh of a religious edifice as vast 
as the Louvre, and which must have been constructed more 
than 5,000 years ago. At Karnack, also, a temple, the circuit 
of which is stated to be four kilometres (2 J miles), has been 
discovered, and another at Edfou, containing twenty saloons. 
The walls of these latter edifices are decorated with sculptures, 
hieroglyphics, and paintings, still fresh, but nothing is said as 
to their character. 

New Tunnelling Machine. — A machine for the puipose of 
tunnelling in rock, &c., is now making at the works of Elawkes, 
Crawshay, & Co. It is a ponderous machine, weighing about 
50 tons, to be driven by steam-power, and intended to form a 
tunnel from 11 feet to 30 feet diameter. It is the patent of a 
Mr. Boberts : it is nearly completed, and will shortly be prac- 
tically tested in the Claxton's Quarry, Crateshead. 

A Machine far making Concrete. — A simple machine for this 
purpose is used in Germany. It consists of a cylinder 13ft 
long and 4ft. diameter, open at its ends, and turning upon an 
axis inclined to the horizon. The stone and the mortar are 
thrown from a barrow iuto a hopper, which delivers them into the 
cylinder at its upper end. The mixture is effected by the 
rotation of the cylinder, whose lower end delivers the Deton 
either into barrows or cars. The interior of the cylinder is 
smooth, and lined with sheet iron ; the proportion of the mate- 
rials is made by regulating the number ot barrows of mortar and 
those of stone cast into the hopper. At one place the cylinder 
was inclined to the horizon one-thirteenth ; it made from fifteen 
to twenty turus per minute, and the mixture was perfect The 
cylinder was driven hj a belt passing directly over its outer 
surface. Motion was given by an engine which worked at the 
same time a strong mortar mill. This machine easily made from 
104 to 131 cubic yards in ten hours. 
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It remains to point out the algebraical properties of the Line of 
Pressure as derived from the Curve of Moments. And these will 
be found to be identical with what have long been recognised by 
mathematicians in the Line of Pressure as determined by 
analysis. 

Let R be the total rise of the Line; 
T the Horizontal Thrust; and 
M the Moment of the Semi-arch. 

ThenRxT=M, andT = |^ 



Or, Horizontal Thrust = 



Moment of Semi-arch. 
Rise of Line of Pressui'e. 



Taking the crown as the origin, let x (horizontal) and y (verti- 
cal) be the co-ordinates of the Line at any point; 

/ being the total load from the crown to the same point; 
ni, the moment of the corresponding portion of the arch; 



Then 






(A) 



Or, rise of Line of Pressure is eciual to Moment of Load divided 
bv Horizontal Thrust. Differentiating both sides of (A), we 
obtain the following equation: — 

djc^T 



(B) 



From whence it follows that the tangent of the angle made by 
the tangent of the Line with the horizon is everywhere equal to 
the load, measured from the crown, divided by the Horizontal 
Thrust. 

Since the Resultant pressure at any assieneil point may be 
resolved into the Horizontal Thrust=T, and a vertical element 
equal to the load supported, or=/, the direction which the above 
ecjuation fixes for the tangent of the Line of Pressui-e is identical 
with the direction of the Resultant. The Resultant pressure 
must thei'efore be everywhere in a parallel direction to the Line 
of Pressure, even in cases where they do not coincide. 

The differentiation of both sides of the equation (B) gives the 
following equation: — 

dl 

d^^lx (C) 

djc^ X 

— being the rate of loading at the distance x from the crown. 

We infer from (B) that a concentrated load at any point will 
be attended with an abrupt change of direction in the Line, since 
tlie value of / will suddenly increase, and there must there- 
fore be two values of --, and consequently two tangents meeting 

in an angle at the point where the load is placed; and also 
that when there is not a concentrated load at the crown of the 
Line of Pressure the tangent at that point will be horizontal 

From (C) it follows that when there is no concentrated load at 
the Ci-own the Radius of Curvature of the Line at the Crown is 
equal to the Horizontal Thrust, divided by the Rate of Loading. 

For J at the crown will in this case be=0, and consequently 



as empirical, although in a well-proportioned arch it will often 
be not very far from correct. 

The algebraical properties of the Line of Pressure above given 
will at once be seen to be those of a Curve of Moments drawn to 

a definite vertical scale suited to the multiplier -=- : that is to 

say, a vertical scale on which a moment=T will measure the 
same as 1 foot on the horizontal scale. 

The following equation expresses the general relation between 
the i-adius of curvature of the Line of Pressure at any point and 
the rate of loading: — 

Radius of curvature. 



the l^ius of Curvature will be= 



_T 
dr 



— r , or= 



Thrust 



dx^ 



, which expression is 



Rate of Loading. 



Thus, if the Horizontal Thrust is 



200 tous, ami the rate of loading per foot forward at the Crown 
5 tons, the R-ulius of Curvature of the Line of Pressure will be 

= - .- =40 feet. 

But we must be careful not to confound the Curvature of the 
Line of Pressure with that of Intrados, as these are not neces- 
sarily the same, and may be very different. On the assumption 
th:it these curvatures are equal, the product of the Radius of 
Intrados and the Rate of Loading at the Crown is sometimes 
taken as being equivalent to the Thrust. This must be regarded 






dx\ 
dx^ 



. , neglecting sign 



/ dx 



Or, Radius is equal to Thrust multiplied by the cube of the 
secant of the au^lo of inclination with the horizon, and divided 
by Rate of Loadmg. 

The above result exhibits a sufficiently well-known property of 
the Line of Pressure. The equation is sometimes, but inaccu- 
rately, made use of as applicable to the curve of intrados, and 
deductions have been made from it as to the form of extrados, 
when the line of intrados is a semi-circle, or other known curve. 

Having now established the fact that the line obtained b^ our 
constructive process has all the essential properties (as exhibited 
in the foregoing equations) which mathematical investigators 
assign to the Line of Pressure, we need no further proof that the 
lines are identically the same, however distinct the methods by 
which they may have been arrive<l at. 

In treating one Hue as the true index of the state of compres- 
sion of an arch, and the just resultant of the pressure which in 
reality is diffused over the joints of tlie vaussoirs, it must not be 
forgotten that a certain very important condition has been taken 
for granted. We have assumed that each voussoir is entire, and 
fitted to receive a resultant pressure at any point and transmit it 
■ equally well in any direction. This condition ceases to be a 
matter of course in an arch composed of short voussoirs, ring 
above ring. Special care is therefore demanded in such cases, 
both in the cement and in the vertical bond, in order to secure 
the action of the compression on the arch as one deep ring rather 
than a bundle of smaller ones. If there were no cohesion binding 
the component rings, each must of course have its Line oi Pres- 
sure, which, being contained within the narrow limits of that 
particular ring has of course a diminished rise. The aggregate 
thrust would therefore be much greater than if the voussoirs 
were either entire or connected by effective vertical bonding. 
But this is not all. There is another important element in the 
question, to explain which we must for the moment set aside the 
convenient and venerable fiction of the incompressibility of the 
voussoirs. 

Each voussoir has a neutral axis. The Lino of Pressure will 
pass above these neutral axes towards the crown, and below them 
towards the springing. The departure of the Line of Pressure 
from the neutral axis imposes a strain upon the voussoir of the 
nature of transverse strain, the measure of which is the product 
of the Horizontal Thrust and the vertical distance between the 
Line of Pressure and the neutral axis. This may be more readily 
perceived if we resolve the complex action that t^kes effect in the 
voussoir into two distinct actions, of which simple or uniform 
compression is the first. Consider, then, the voussoir as first 
sustaining uniform compression : the resultant thrust will there- 
fore pass through the neutnil axis. But the Line of Pressure is 
(let us say) one foot above the neuti-al axis, and the resultant 
thrust bemg therefore one foot below the Line of Pressure (t>., 
that much below the position that would give equilibrium), has 
not sufficient leverage to balance the moment of the load. The 
load will therefore continue to preponderate until it has (so to 
speak) squeezed out of the voussoir a supplementary moment of 
reaction to make good the deficiency. This supplementary 
moment must be equal to the product of the Horizontal Thrust 
and the vertical de|)arture (1 foot) of the Line of Pressure, and it 
is thrown on the voussoir in the form of a transverse strain, 
causing (in the case we have imagined) compression above the 
neutral axis and extension below; so that it tends (in its measure) 
to bend the voussoir in such a way as to flatten the intrados. It 
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will not generally follow that there is actual tension in the lower 
half of the voussoir, or even at its extn^nie edge; because a com- 

?ression is at the same time taking effect at the neutral axis. 
'he joint effect of these simultaneous actions will be a reduced 
rate of compression towards in trades, and an intensified rate of 
compression towards extrados. Of course, if the Line of Pres- 
sure had fallen below the neutral axis the result would have been 
the reverse. 

Now, to sustain this inevitable transverse strain properly, each 
voussoir should be in a single piece, its depth being the entire 
distance between intrados and extrados. This becomes the more 
important as we approach the Points of Eupture, where the 
tra^isverae supplementary strains become greatest. If the 
voussoir is divided in its depth into two, three, four, or more 
pieces, the intensity of the torces arising from the transverse 
strain will be twice, thrice, four, or more times increased, just 
as two or more planks placed one upon another will be more 
sevei^ely strained under a given load than a solid beam containing 
the same total depth of timber. In proportion, therefore, as we 
strengthen the vertical bond and approach the condition of a 
solid voussoir, we abate those intense partial compressions which 
throw such severe local strains on the material in addition to the 
general thrust. 
In arches of brickwork this becomes the more important in 

Sroportion as the number of rings is increased. Mr. Brunei's 
ridge over the Thames at Maidenhead furnishes a most instruc- 
tive example. This bridge consists of two elliptic arches, each of 
128 feet span and 24 ft. 3 in. rise; thickness at crown, 5 ft. 3 in. 
It was first built of brickwork in mortar, but on slackening the 
centres the bridge was found absolutely too weak to stand ruone. 
The arches were reconstructed with cement instead of mortar, 
and the result is a stable structure, which has now for six- 
and-twenty years sustained the traffic of the Great "Western 
Eailway. 

Here the nature of the cement employed made all the difference. 
Since mortar is longer hardening than cement, a greater settle- 
ment might be expected in an arch where the former material 
was used, merely from the closing up of the joints. But this of 
itself would not account for the complete failure of the arch, 
which shows that the bricks must have undergone a destructive 
pressure. The secret of the success of the second experiment is 
evidently to be sought in the superior adhesion and tenacity of 
the cement, which accomplished what the mortar could not effect, 
by bonding together the rings of brickwork, and thus rendering 
the arch which they composed little (if at all) inferior to one with 
entire voussoirs. 

While ujwn this part of the subject, it may be useful further to 
inquire into the intensity of the marginal strain thrown oh the 
voussoir, as measured by the supplementary moment of which 
mention has been made. 

Let D = Departure (measured vertically) of Line of Pressure 
from neutral axis; 
d = depth of voussoir; * 

a ^ area of joint of ditto; 
T=:Horizoutal Thrust; 

<f= - j = average intensity of Horizontal Thrust; 

^4"C=intensity of Horizontal Thrust at margin of voussoir. 
Then the Supplementary Moment causing transverse strain on 
the voussoir is = Tx D, and we want to determine t+c or (since 
t is known) simply to determine c, in terms of D. 

In the absence of a special knowledge of the material of the 
voussoir, we may assume that the elastic reaction is proportionate 
to the compression. On this supposition, the moment of resistance 

about the neutral axis=— g- . It must be observed that while 

half of this moment is createtl by a gradual increase of the 
average compression on the one side of the neutral axis, the 
other iialf is due to a corresponding diminution of compression 
on the other side. Thus the intensity of horizontal compression 
IS jf-f-c at the margin nearest the Line of Pressure, f-c at the 
other margrin, and / at the neutral axis. 
The Supplementary Moment (=:TXD = ^XaD) must be 

«qual to the &hove moment of resistance ( = ^^f 1; and from 
., , . \ o ' 

«nw It appears tW 



^XD = cx 



and consequently c = 6 -r- X / ; 



and t'\'C = (^+^ T ) X ^ is the intensity of compression at the 

margin of the voussoir. 

Or, to find the amount by which the intensity of horizontal 
compression at the margin of the voussoir is increased, multiply 
the avenge intensity (t) by 6 times the vertical distance of the 
Line of Pressure (X6D) from the centre of the voussoir and 
divide by depth of voussoir (-r^). All dimensions taken in feet. 

It follows from this law that in a dry arch of compressible 
voussoirs the Line of Pressure cannot approach nearer to the 

margin of the voussoir than Jrd of its depth, ^or «-)• Foi' when 

this position is reached the compression at the further margin 

d 



vanishes (being 



= ^i-6x \y=o\ 



and no further moment 



of resistance can be given out without actual tension. Any fur- 
ther departure of the Line of Pressure from the neuti-al axis 
than Jth of d would therefore (in the absence of cement) open 
the joint. It will also be seen that in the cemented arch the 
contact of the Line of Pressure with intrados or extrados 
imposes on the voussoir a compression at one margin amounting 
to four times the average compression, and creates a tension 
on the stone and cement at the opposite margin of hah* the 
amount. One-third of the entire joint would in this case be in 
tension. 

We cannot absolutely apply the theory of a dry incoinpressible 
arch to the actual case of a cemented arch of compi-essible mate- 
rial, so far as to say that the Line of Pressure really touches 
either intradc»s or extrados. Still, the preceding considerations 
have their weight, as making it additionally apparent how much 
the quality of the cement, as well as voussoirs, may have to do 
with the stability of a bridge. As an extreme case, we may re- 
fer to Sir Isambard Bruners semi-arches constructed, without 
centres, in brick laid in mortar with bond of hoop iix)n and fir, 
which stood simply as brackets, one of them extending as far as 
60 feet from its pier. 

"We have now pursued the examination of the arch as far as 
seems necessary to give such a general notion of the theory as 
may be practically useful in the construction of masonry bridges. 
If we have at all succeeded in what we intended, we have a com- 
paratively short and simple (although correct) process, by which 
any one who is able to take out the Quantities of a bridge, and to 
estimate their weight, will find little difficulty in drawing the 
Line of Pressure on the arch, and finding from it the amount of 
Thrust, and whatever else it may be needful to know. We hope 
also that the more scientific reader will have seen that our ready 
method is established by close and careful reasoning, and that if 
we have taken new paths we have not forsaken old truths. Those 
who would acquire a thorough knowledge of the arch will never 
get it from books alone, and we cannot pretend to give it them. 
We have only shown them an alphabet, with the aid of which 
they may spell out their learning from actual structures and the 
practical experience that is gained from real work. 



FOREIGN PUBLICATIONS. 
Die MittelatteHieken Kunstdenkmale Dalmatiens, by Professor 
Rudolf Eitelberger von Edelberg. Vienna, 1861. — Few more 
interesting foreign publications than the volume the title of" 
which we have just quoted have come under our notice. The 
shores of the Adriatic have been comparatively little exploited for 
architectural purposes; and this work gives us some idea of what 
is to be found in a district no better known to us than is the 
East of Italy, and which, with all their wanderings far and near, 
most of our architectural travellers have omitted to visit. 
Dalmatia, a province under Austrian rule, and on the frontier 
of the Turkisn Empire, stretches along the eastern coast of the 
Adriatic for a considerable distance, and five of its principal 
cities — namely, Arbe, Zara, Trau, Spalato, and Ragusa, have 
famished the materials for the volume before us, which is illus- 



350 



THE CIVIL ENGINEER AND ARCHITECT'S JOURNAL. 



[Dec 1, 1861 



trated by a very readable description, in German, and bv some 
twenty plates and more than a hundred wood cuts. A descrip- 
tion of Romanesque work furnishes the larger portion of the 
subjects for illustration, although one of the most interesting 
buildings described is the magnificent campanile at Spalato, of 
which the lower stories are Roman work, and display a rich- 
ness and taste and ingenuity not exceeded by any of the better 
known fragments of Roman monuments with which we have 
been familiarised by travellers. The upper stories of this tower, 
Romanesque indeed, but harmonising most a«1mirably with the 
Roman work, are not the least interesting of the objects repi*e- 
sented in the work. The travelled architect turning over the 
pages of this book will find himself reminded of many very 
different localities and their peculiarities, as though the 
Romanesque style, which has acquired a cerUin local colouring 
in the different spots where it has flourishtnl, had here been 
from some peculiar combination of circumstances thrown into all 
the varied forms of various, and often distant provinces. For 
instance, at Zara we have a fa9ade such as recalls forcibly all the 
best features and peculiar arrangements of buildings at Pisa; 
from Arbe we get a campanile containing certain forms which 
were far more prevalent in the South of France than else- 
where; and from Trau we have a doorway reminding one a good 
deal of En$;lish Romanesque, such, for example, as that at Ro- 
chester. The plates are very well got up, and include, besides 
what we have alluded to, examples of a later style, closely re- 
sembling Venetian-Grothic specimens of jeweller}' work, carvings, 
and other matters of detail. We strongly recommend it to 
students of early architecture. 

Rh'ue Gmt'rale. — ^A very remarkable part of this journal has 
lately appeared, comprehending four monthly numbers, and with 
contents of a nature seldom attempted in any periodical. The 
larger part of the issue is devoted to the late competition for the 
Paris Opera House, and includes a fall account of that under- 
taking, illustrated by plana, sections, and views of no fewer than 
eighteen of the designs submitted, the whole being so complete 
as to form a valuable manual of reference for those who propose 
to engage in the arduous task of the preparation of designs tor a 
large theatre. Mr. Daly criticises the circumstances and condi- 
tions under which the competition was first opened very minutely 
and temperately, and compared it with the comptition in London 
in 1857 for the public offices. Here, by-the-bye. he curiously 
enough commits an error in the names of the judges, David 
Roberts being entitled member of the Royal Institute of British 
Architects, in place of member of the Royal Academy; and the 
name of Mr. Burn, the architect, who was one of the judges, and 
upon whom, with Mr. Brunei, fell much of the labours of the 
investigation, is left out. The advertisement and programme 
which invited preliminary designs or sketches, and not com- 
pleted designs for the opera, are given in extcnso; and, short as 
was the time allowed for the preparation of plans — only one 
month — no fewer than 171 designs were sent in, forming a thou- 
sand drawings, computed at a value of from two to three hun- 
dred thousand francs (;£8,000 to £12,000). Out of these designs 
five were chosen, and among the authors of these five a second 
competition took place. These gentlemen were Messrs. Ginain, 
Crepinet and Botr^l, Garnaud, Due, and Gamier, two of them, 
M. Crepinet and M. Botrel, having been prizemen in the English 
competition. The second competition was based upon an elabo- 
rate progi-amme prepared with the utmost minuteness — a docu- 
ment that cannot fail to be always of value to the architectural 
])rofession — this also is given in full in the Ri'vue. The result of 
this final competition was that the design of M. C. Gamier was 
unanimously chosen, and is, we presume, being carried out. The 
illustrations of this competition comprise the plans of all the 18 
designs chosen by the editor for this purpose reduced to a small 
and uniform scale and excellently engraved on wood, and many of 
them present brilliant examples of that skill in planning' for 
which our French neighbours are so famous. Of the five 
premiated designs in the competition, only two are engraved, and 
the successful design do not appear, nor, so far as we can make 
out, any other of the five submitted in the second competition. 
It is to be hoped that all these will hereafter be published; but 
in the meantime architects will find the selection actually given 
to exhibit great talent. English architects will find especial in- 
terest in the design which is the joint work of Messrs. Crepinet 
and Botrel, who have both, as has already been mentioned, 
achieved distinction in our own country. The elevations, sec- 
tioDs, and views furnished are not of equal interest with the plans, 



nor of the same degree of excellence; they are given only in cer- 
tain cases, and, for the most part, are engraved on steel. 

The * Dictionnaire de V Academic des Beaux ArteJ—'DidiomLTy 
of the Academy of Fine Arts* is a publication to which it is 
desirable to draw attention. It promises to be a voluminous 
and valuable work, and will embrace explanations of all 
the words belonging to the teaching, the practice, and the his- 
torv of the fine arts. It is illustrated by engravings on steel, 
and appears, so far as the specimen before us is concerned, to 
have a decided leaning to Classic i-ather than to Mediseval art 
A very well written though brief treatise on acoustics, as applied 
to buildings, oiuiurs among the words under the letter A. 

// Gioniale del Ingegner, Architetto, ed Agrouomo. — * The Journal' 
of the Engineer, Architect, and Land Agent' is a periodical, the 
very existence of which cannot fail to interest our readers when 
we state that it is an Italian periodical published at Milan, and 
is now in its ninth year. It appears to be published in bi-monthly 
parts, each containing two numbera, comprising some 120 octavo 
pages and a few illusti-atious, and the price of publication is very 
moderate. The illustrations are but indifferently executed; the 
letterpi'ess is, however, respectable, but the papers seem most of 
them too lengthy to admit of our extracting one entire as a speci- 
men. The fact of such a journal having existed for eight years 
during the Austrian occupation of Lombardy is very interesting; 
and we look forward to the possibility that, with new activity 
aroused in a country long since famed for the skill of both its 
engineers and its architects, we shall hear of great architectural 
and engineering works, and shall find in this journal a description 
and a record of them. We find, among the original articles, some 
on existing architectural works — such as the cathedrals of Casale 
and Novara — others treating of the tine arts theoretically, and 
others on various matters of railway and hydraulic engineering. 
Extracts from other periodicals, and digests of their contents, are 
given to a considerable extent, and a gi*eat deal of miscellaneous 
information; the whole being, however, well adapted to inform 
Italian readers of the course of works in adjacent countries. We 
shall take another opportunity of saying a few words relative to 
those articles in the Giornale^ which gives accounts of works 
actually in progress— or works in contemplation — ^in the Italian 
kingdom. 



HIGH SPEEDS ON RAILWAYS. 

The lamentable experiences of the year now drawing to a close 
seem to have brought home to most minds a feeling of something 
wrong in the system or working of railway traffic. Without any 
well defined general conviction as to where the fault lies, or in 
what way the evil may be abated, there is a very prevalent sus- 
picion (at least) that railway travellers in this country are at the 
present day exposed to an amount of personal risk, not only for- 
midable, but excessive, and such as might be and ought to be 
avoided. 

CTpon the subject of "High Speeds'* Mr. George Robert Ste- 
phenson, C.E., has recently addressed an able letter to the Presi- 
dent of the Board of Trade. On such a subject the expression 
of any clearly-formed and positive opinion cannot fail to com- 
mand* a hearing. The opinion of a man who may be presumed 
to have a special accjuaintance with railway matters claims further 
to be listened to with respect, whether we are prepared at once to 
adopt his conclusions on every point or no. Mr. Stephenson in- 
dicates high speed as the main ciiuse of the increase of railway 
accidents. He is entitled to the more attention in assisting such 
a view when we i-eflect that it is diametrically opposed to the 
bias of his own personal interests, he being one of the largest 
constructors of locomotive engines in England. The issue is 
joined in the opening sentence without hesitation or compromise 
— "The time has arrived when, in my opinion, public attention 
ought to be directed to a subject which involves an immense 
sacrifice of life and property. I refer to the excessive speeds 
which are being employed on our railways. 

Mr. Stephenson thus defines what he considers implied " high 
speed" — 

" High speed upon any particular line of railway does not alone 
mean the high speed of* any one express or special train. The 
high speed of one train in the course of a day involves, it is to be 
remai'ked, the increaseil speed of all the trains upon the line and 
system on which the one train works. Just as the steepest gra- 
dients upon a line govern the weight of a train which is to be 
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drawn aloDg that line for its whole length, so the speed of the 
fastest train mast govern and regulate the speed of every other 
train that runs upon its line." 

Here Mr. Stephenson demonstrates the probable danger conse- 
quent upon a mineral train being followed by goods and ordinary 
passenger trains, all hastening to avoid being overtaken by a high 
speed train; the mineral train having to be accelerated at inter- 
vals, and shunted at great risk of danger. Again, in the same 
pamphlet Mr. Stephenson says : — 

"On any line well supplied with traffic the circle is kept up all 
the day round, and all the day round the lowest speed must be 
governed by the highest On the London and North Western 
Kail way, for example, there are upwards of 1,100 trains of every 
description running every day over their lines. It is obvious 
that the speed of each of these between stations must be regulated 
by the speed of the trains immediately preceding and immediately 
succeeding, and that the speed of the whole must be governed by 
the speed of the fastest train which runs upon the line. 

" High speed, it is also to be observed, implies irregular speed. 
Velocity, as we all know, is ruled by gravity; and the same velo- 
city cannot be attained with the same load over an inclined 
plane that can be attained over a horizontal line. When the 
spjeed of a train, therefore, is taken at an average of say forty 
miles an hour, by as much as that speed is necessarily diminished 
over certain portions of the line, by so much will it be increased 
over other portions. The high speed which averages forty miles 
an hour thus inevitably becomes an excessive speed of fifty, fifty- 
five, and even sixty miles an hour upon certain portions of the 
line traversed. In the case of an accident which I shall hereafter 
refer to, a train, timed to run at an average rate of less than forty 
miles an hour, was reported by one of your inspectors to have 
been travelling at the time of the accident at fifty-five miles an 
hour, if not more." 

High speed is taken, first, to imply irregular and excessive 
speed; and, second, to necessitate increased and needless velo- 
cities over the whole system on which such speeds are em- 
ployed.'* 

U it were attempted to find a limit to the speed that may 
be employed on straight level well-laid rails with wheels pro- 
perly placed and coned, the task would be found an exceedingly 
difficult one, requiring extensive experiments and much sound 
calculation. A belt i*emains on a pulley at very high velocities 
when the belt is properly adjusted and the j)ulley rightly coned; 
if the pulley was cylindrical the belt would soon run off. Now, 
a railway may be considered an iron belt, but stationary, while 
the coned wheels act the part of the pulley, but moveable. As 
the belt in this case is not elastic, the middle is taken out, the 
two rails remain and operate upon the same principle as if the 
belt were complete. The middle of the pulley being dispensed 
with, flanges often very clumsily make up the deficiency. 

The fii*st pair of wheels of a carriage is kept to the iron belt, 
and steered by the last pair on a straight level railroad. While 
it involves no risk to travel at the rate of 120 miles an hour, 
the road being clear, straight, and level at all points, with well- 
constructed carriages and properly coned wheels, the risk be- 
comes very great to travel at the rate of 50 miles an hour when 
the road is composed of straight lines and circular arcs, and at 
the same time passing over all sorts of gradients. 

We contend that no portion of a railway should be composed 
of straight lines and circular arcs when a uniform speed of 50 
miles an hour is to be employed. Without at present entering 
into the investigation of the curve and the proper coning and 
disposition of the wheels to suit ditfei'ent speeds, it is easily 
shown that a track composed of straight lines and circular arcs 
is not a safe one when the velocity is high, say more than 38 miles 
an hour. Supposing, however, .that perfection in the permanent 
way and the wheels for high speeds be obtained, how long would 
this theoretical state of perfection last ? We apprehend that in a 
short time the excessive wear and tear due to the mass of a rail- 
way train moving at such high speed would reduce the most 
perfect railway to a state bordering on dilapidation. 

But the science of the subject has little to do with the mercan- 
tile question or practical working of existing railways well 
described by Mr. Stephenson. He says: — 

" The few need very occasional opportunities of i*eaching very 
distant places with excessive speed. The many require very 
freauent opportnnitiea of reaching neighbonring places with 
moderate speed. Now, the excessive rate of speed of one or two 
trains, which of necessity increases the expedition of all the trains 



upon the system, of equal necessity diminishes the opportunity 
01 running stopping trains. Thus, the high speed of one or two 
trains carrying a few passengers 200 or 300 miles precludes a 
railway company from developing its local traffic; and thus the 
most profitable part of a railway company's business is lost upon 
those lines on which high speeds prevail. 

Two illustrations m<iy be given in proof of this position. The 
London and Brighton has through trains running at high speeds. 
It also has acquired a very heavy local traffic between London 
and the Crystal Palace and intermediate stations. But at what 
cost has it maintained its high-speed trains conjointly with its 
local traffic ? Why, at a cost which virtually sacrifices all the 
profit its local traffic would produce. In order to maintain its 
high speed trains, the London and Brighton has been obliged to 
lay down other lines of rails for its Crystal Palace traffic. It 
has, in fact, constructed for this traffi c a new railway and a new 
entrance into London. The construction of this new railway and 
new terminus has absorbed a new capital, and the absorption of 
that new capital has prevented any corresponding increase of 
dividend to the Brighton Company. Thus the traffic which 
might have been, and which was expected to prove so profitable 
to the Brighton Company, has been sacrificed to preserve high 
speeds. So with the London and North Western. The London 
and North Western has been gradually developing a most 
enormous mineral traffic. It now brings to London no less than 
500,000 tons of coals a year. But this mineral traffic, it is found, 
cannot be conveniently carried on together with the high-speea 
traffic of the line. The London and North Western Company 
has, therefore, been compelled to lay down a new line of rails for 
its goods traffic in London. That new line of rails involves outlay 
of new capital. The outlay of new capital absorbs the increas^ 
dividend which would otherwise accrue to North Western share- 
holders from their largely increased revenue from minerals and 
goods. And all this results from the necessity of maintaining 
the high speeds. 

High speeds, therefore, involve great outlay of capital in order 
to preserve and to work trafic which is inconsistent with high 
speeds. But the outlay of capital is not the only evil consequence 
resulting from high speeds. High speeds necessitate large addi- 
tions to working expenses. I use the words " large additions" 
in the most ample sense those words imply. All who are inte- 
rested in railway enterprises know the importance of working 
expenses. They absorb half, and sometimes more than half, the 
receipts of a railway. But working expenses are most inordi- 
nately increased by high speeds. There is no item of working 
expenses which high velocities do not largely add to. Take, in 
the first place, the engine. To attain and to maintain high 
speed, the engine employed must be of excessive power — excessive 
power implies great size. To attain great speed the first essential 
IS great evaporation. Great evaporation can only be attained 
from a great heating surface. A great heating surface necessi- 
tates large boiler space. Large boiler space necessitates a large- 
sized engine; and large size in an engine necessitates correspond- 
ing strength and weight in every part of the machine. But this is 
not all. To afford a large amountof heating power a large quantity 
of fuel is requisite; and this large quantity of fuel requires a cor- 
responding means of conveyance — this implies a large tender. 
A mrge tender, holding a large supply of fuel, implies a heavy 
draught; and in proportion as the draught of this dead weight is 
increased, by so much must the weight of passengers and goods 
be diminished. Here, then, you have not only a heavily increased 
first outlay upon an excessively large engine to work a train at 
high speed, but you have a perpetual outlay upon the working 
expenses of that engine, accompanied with a corresponding 
diminution of the profit of the train which the heavy engine 
draws. 

If these were the only additions to working expenses result- 
ing from high speeds, railway companies might bear the outlay. 
But it is to oe borne in mind that the working of an excessively 
heavy engine at an excessively high speed necessitates a cor- 
respondingly strong road. What ordinary permanent way can 
be expected to bear an engine and tender of fifty tons weight, 
rushing over it with a train at the speed of fifty miles an hour'/ 
To carry such a train the permanent wav must not only be of 
the highest character and in the most perrect state of repair, but 
the raUs should be of extra weight, and should be laid with all 
the best appliances conducive to their strength. When we hear 
of ' fished joints, ' and of a hundred other reoent improvements 
for permanent way, what is meant but better arrangements for 
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high speeds ? But those arrangements only require outlay; and 
by as much as such outlay increases working expenses, so much 
do shareholders* profits diminish. 

But, even under the most perfect system, high speeds neces- 
sarily prove an enormous source of loss to railway companies in 
the form of working expenses. Under the head of * Henewals of 
Permanent Way, and Boiling Stock,* shareholders pay largely for 
high speeds. It is not only that the rails are worn and torn by 
the action of the heavy engines and carriages travelling at these 
immoderate rates, but they are literally ground by the application 
of the ponderous breaks which are applied to check high speeds 
on approaching stations, in descending gradients, and on other 
occasions. Nor is this source of expenditure limited to the 
results occasioned by fast trains. Every other train that is 
forced to escape the fast trains by shunting into a sliding involves 
the company in a certain chaise' for repairs and renewals by that 
very act. Next to high speed, nothing is so iujurious to rolling 
stock as shunting. The carriages and trucks are knocked against 
each other with great violence, and are inevitably damaged by 
the concussion. The wheels also are knocked against the rails 
and points, which receive inevitable and permanent damage 
thereoy. The larger and heavier the train to be shunted, the 
greater is the damage. And not only do the carriages, the wheels, 
the rails, and the points suffer, but the engine and tender, which 
have to perform tnis violent act of shunting a train backwards 
into a siding, must of necessity be injured. The act itself consists, 
in fact, of a series of percussions, and whilst every shock inflicts 
injury, is is obvious that the force of the concussion operates the 
most severely on the delicate though powerful machine which 
has to inflict the blow. Nor do wear and tear comprehend the 
only losses which shunting occasion. There is the loss of time 
occupied in the operation — often a veir serious loss; and there is 
the loss involved in the expenditure of power — ^an expenditure, be 
it observed, which does not advance the train one inch in the 
direction in which it ought to go. 

In every other item which enters into working expenses, it is 
obvious that the outlay must be greater in respect of the high 
speed than of any other train. The carriages must be of the best 
character, and in the most perfect condition. The guards and 
drivers must be the best and most skilful servants of the com- 
pany. The train must be better attended to at every station at 
which it touches. lu every item of outlay the high speed train 
costs more in proportion, in fact, to work than any other train 
upon the line. Who pays for this additional expense ? The 
train can carry no goods, no parcels, no carriages, no horses, and 
only a limited number of passengers. In certain of these fast 
trains the passengers used to pay a small and inadequate addition 
to their oniinary rate of fares; but even this, it would seem, is 
now objected to, for the limited mail to Scotland (the fastest 
train in the world) now carries its passengers to Scotland at first 
and second ordinary fares." 

It cannot be disputed that high velocities entail a high rate of 
working expenses, as we find Mr. Stephenson insisting. We can 
can well understand that a moderate rate of speed would accord 
with a moderate outlay, and that if the traffic were the same the 
net revenue would be correspondingly increased. 

We consider 40 miles an hour to be a dangerous speed passing 
down a straight gradient, and then turning to move on a circular 
arc. The axles of the wheels should be parallel when a carriage 
is moving on a straij^ht level road; this is not tlie case when a 
carriage is moviug in safety on a curve. The axles, if produced, 
should pass through the centre of the circle of curvature at that 
joint. When the axles are near each other and the circle of 
curvature great, the parallelism of the axles requires but little 
adjustment moviug on a curve at very high velocities. 

The trucks employed under the long American cars contain 
four and sometimes six wheels. The axles are parellel when the 
car is moviug on a straight level road, and there is an arrange- 
ment when the car is moving on a curve that accommodates the 
axles to the motion. This is effected by springs — and what is 
termed a lateral motion-bar, connected with a ring-pin. But 
however well the road and running gear are prepared for high 
speeds, accidents occurring from collisions of trains going at 
different speeds are not so etsily guarded against Mr. Stephen- 
son, at page 17, remarks that " The dangerous character of these 
high speeds is, I thiuk, very easily demonstrable. Apart from 
acci<leuts which occur to individuals from their own neglect, rail- 
way accideuta generally may be classified as occurring either 



(1) From the failure of an axles, a wheel tir^or some other 
portion of the running gear of a train. 

(2) From some defect in or obstruction of the permanent 
way, or 

(3) From a collision of trains going at different rates of speed." 
The question is, BEave we sufficient skill and seience to reoiedy 

the defects, prevent the failures, and overcome the obstnictions 
referred to in paragraphs 1 and 2 ? Mr. Stephenson's remarks 
on the subject of paragraph 3 deserve attention: — 

" And this brings me, naturally, to consider the other class of 
accidents most prolific of disaster — those which rise from 

* collisions,' and which are usually attributed, in the reporls of 
your inspectors, to some neglect on the part of those who have 
the management or conduct the trains. On a close examination 
of the circumstances of these cases, it will almost uniformly be 
found that they rise from irregularities in the despatch or run- 
ning of trains going at varying rates of speed. But what^ is the 
cause of these irregularities ? Why are trains running at irregu- 
lar speeds despatched at intervals so short that there is any 
possibilty of collisions 1 Simply because the arrangements of .a 
line are necessarily controlled by the running of those few &8t 
trains, to the expedition of which all other traffic arrangements 
are made subservient. The time of every train — the time of 
running, the time for stopping, the intervals of departures, and 
the intervals between arrivals — all are shortened, and sometimes 
dangerously shortened, by the necessity of escaping the 'limited 
mail * (limited in everything except its velocity). Four or five 
minutes make all the difference. The cattle train, which was 
overtaken and smashed to pieces at AtheHtone had its three, 
four, or five minutes to escape, by shunting into a siding, the 
limited mail which was rushing after it at a high velocity. One 
minute in that case made all the difference. It was the very tail 
of that train — its very last carriage — ^that was caught whilst in 
the act of * shunting,' and we all know what were the disastrous 
effects. 

But the blame in this, and in other cases, wiis placed, as usual, 
on the shoulders of subordinates. In all these cases the public are 
instructed that * the proper caution was not given;' or * the driver 
was not sufficently vigilant in his look out;' or * the signals were 
not properly exhibited;' or, * the whistle was not sounded;* or, 

* the breaks were not properly applied;' or, * the breaks were not 
powerful enough; or, there was imperfect communication between 
the driver and the guard.' I submit that these are almost im- 
perfect and unsatisfactory mode* of accounting for accidents 
which occur from one main cause — the necessity of regulating the 
the running traffic of a line so finely as to render occasional colli- 
sion unavoidable. No doubt accidents may be greater or less in 
degree — no doubt actual collisions may even be avoided — by 
greater cai-e, greater attention, greater supervision, greater power, 
greater skill, than any one can expect to be at all times employed 
in the conduct of a train. But I contend that so long as trains 
run, as trains are now forced to run, at irregular velocities, and 
with such trifling intervals between them, it is inevitable that 
fast trains must occasionally overtake slow trains, and that acci- 
dents must be the result. 

Before we attribute such accidents to negligence, it is ob- 
viously proper to consider what degree of duty we put 
upon the men we blame for these collisiona A driver is 
instructed to run his train at an average of 40 miles an hour. 
That average means 50, or 55, or even 60 miles an houron ^ood 
travelling ground (where, it is to be observed, these collisions 
most generSly happen). Now, what is the position of a driver 
running his train at the rate of 50 or 55 miles an hour ? In the 
first place, his attention is necessarily absorbed in the working of 
the line. His wliole time is absorbed in looking out for signaLo. 
Among the various suggestions with which the reports of your in- 
spectors abound, it is recommended that evenr engine should have 
a smjdl looking-glass attached to its sides, so that the engine driver 
may see what is passing behind him without the necessity cf 
turning round ! The very suggestion shows that he is expected 
to keep his attention iuvarl'ibly directed to his immediate work. 
But, if so, what time has he to consult his looking-glasses ? The 
driver is scarcely able even to attend to his ei^ne; he has no 
time to attend to what is passing in his rear. The fact is, that 
the driver of one of these high-speed trains has not an atom of 
time — not a single breathing instant — to give to anything be* 
yond the signals on his i-oad. In the case of accidents ooeurring 
to high-speed trains from broken flanges or otherwise, it ooor 
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fltantlr appears that so entirely was the driver's attention ab- 
sorbed that he did not become aware of the accident until long 
after it occurred.'* 

Mr. Stephenson argues that there is not too little, but too much 
interference on the part of the Government, inasmuch as the 
timing of the limited mails is fixed by the Post-office, and sovems 
the timing of all the other trains. With regard to the limited 
mails themselves, it will at once be admitted that the combination 
of high velocities and very infrequent stoppages is undesirable in 
any train that is permitt^ to carry passeugera, especially in the 
absence of an efficient system of communication between guard, 
passeuffers, and driver; the latter of whom, however, can know but 
little of the danger that may be at hand while rushing through the 
air at such fearful velocities as is proved by the testimony of the 
drivers themselves. 

Accidents from fault in the running gear or the permanent way 
will usually be aggravated by high speed. Such accidents may 
also freqently be attributable to excessive speed, meaning by this 
term a speed which overtasks the capabilities of the road and 
running gear. But if the manufacture and condition of the car- 
riages, the careful inspection of the wheels, the fishing of the rails, 
and the construction and maintenance of the permanent wav 
generally, can be kept fairly up to the standard required for high 
speeds, the question becomes, of course, modified. 

With regard to collisions, there can be no question that a system 
of high speeds multiplies the chances of collision, especially when 
train follows train in quick succession. The dangers of this nature, 
arising from heedless shunting, or the hindrance or break down of 
a train ahead, rapidly increase with the increase of speed. 

We fully concur in Mr. Stephenson's opinion as to the risk of 
collision being much increased by high speeds. The interval that 
is sufficient for low speeds becomes perilously small for high 
speeds, and the same yet applies more forcibly to the distances 
at which signals should be shewn. We cannot give a better 
illustration of this fact than by referring to the late disastrous 
accident on the Loudon and Brighton Railway, in which case the 
interval of time between the trains was known to be seriously 
too short, and the speed of one of the trains too high — a remark- 
able instance of the necessity for Mr. Stephenson's warnings, as 
expressed in his pamphlet, which had been issued only a short 
time previously to the occurrence of the accident referred to. 

Increased break power for the fast trains will, by its proper 
application, go some way towards lessening the danger of col- 
lision, but no break has yet been devised that can pull up a 
high-speed train in a very short distance; and it is to be hoped 
that such a break never will be devised, as we feel certain that 
its effect in stopping the train would be as disastrous as a col- 
lision. Supposing, however, that it be desired to stop an engine 
and train of 100 tons weight in 200 yards, it would require, if the 
original speed was 60 mues an hour, a sustained dead pull of 20 
tons, and this pull obtained by mere friction on the raols. Such 
a result is not approached by any break power hitherto employed. 
TTnrivalled as the English railway system may be for facility and 
despatch, its superiority in these respects must be regarded as too 
dearly bought, if at the cost of repeated scenes of havoc such as 
the past year has witnessed. The question is, Have sufficient 
precautious yet been adopted for guarding against similar 
casualties? 

In the administration of railways, more especially if high 
speeds be insisted upon, the following are among the points which 
imperatively demand attention : — The inadequacy of the interval 
of time allowed between the trains; the frequency of signals along 
the line, particularly in those parts where the engine-driver can- 
not see the road ahead; the efficiency of break power ; the com- 
munication between guard, passengers, and driver; the best way 
of insuring a good look out. As to the last point (without whicn 
no precaution in other respects can avail), it is evident that a 
scanty or overworked staff will always be liable to fail at a time 
when failure is critical. The skill and intelligence, the wages 
and general treatment, the rest and holida3r8 of tue men on whose 
alert vigilance the Trorking of the whole system depends, are 
matters which nearly concern the safety of the travelling public 

We trust tfaae Af r. Stephenson's letter will receive the attention 
it demands, and that those who perseveringly vindicate hieh 
speeds will not rest satiaAed until such precautions are ^enerafly 
adopted as (oot for waat of warning) have in too many instanoes 
been neglected. 



CALCULATIONS RESPECTING THE PfiESSURE OF 
STEAM ON CYLINDER COVERS AND OTHER 
DISKS. 

By Oliver Btrnk, Civil Engineer. 

Wrtters on the strength of steam boilers and cylinders assert 
that it requires a pressure of steam equal to the cohesive strength 
of the cross section of the cylindrical surface to remove the circu- 
lar head; that is, if ACB, Fig. 1, be a cross section of the 
cylindrical cover, and that it would re(]^uire a force of 3,000,000 lbs. 
to overcome the cohesive strength of this cross section, then it would 

Fio. 1. 




require 3,000,000 lb. pressure of steam on the circular disk AOCB 
to remove it, or overcome the cohesive strength of the rim 
ACB. Now, this is far from the truth, for any pressure applied at 
the centre, O, is more effective in removing the disk or circle 
ACB, than if the same pressure were appbed at any point m, 
nearer the rim. In the first place I will prove that one-third of the 
pressure evenly spread over the circular cover applied at the 
centre, O, will have the same effect to remove the disk as the whole 
pressure equally spread over the surScuse ABC. Put jj?, for the 
differential of a? instead of dx, and take care not to call \x the 
square_root of, but the differential of jr. Let OA=r, mA=j?, 
mn=\Xf then Om=r=x. 

The effective pressure of the particle \x at the point A = af\x] 
then putting as usual «• = 3'1416, an arc of 180** to radius 1, the 
pressure on the elementary space or circle mnp will be represented 
by 2T(r— d7)jpb, which, when integrated between the limits 



jf = 0, J? = r. 



^y (r— *>p|*^2t~ 



This last expression may be reduced to — - — X'*, which is one- 

o 

third the area of the circle ACB multiplied by the radius r. 

The area irH may represent the whole pressure equally spread 

over the whole surface; then it is evident that the sum of all the 

products of all the elementary areas jr, and their distances jp 

Pxo. s. 




from the rim ACB, is equal to one-third the whole area of pres- 
sure applied at the centre O, multiplied by the radius r. 

Practical Example.— Let Fig. 1 represent a cylinder head of 
cast iron 4 feet in diameter; what must be its thickness at the 
rim ACB to sustain a pressure of 90 lbs. to the square inch ? A 
circle of 48 inches diameter has an area of 1810 square inches, 
and a dronmference of 16 inches, nearly. Consequently^ in the 
well-known fononla 
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w = pressare at the centre O, equal \ the pre&sure on the whole 

1810x90 
surfiuie, =r ^ =64300 Ibe. /=:AD=4 feet, 6=151 inches, 

the brwdth or circumference of the circle ACR #=ra, number 
(leterminedby experiment on different materials; in cast iron 9 
varies from 850 to 215, ^:=the thickness. Hence, in the example 
before us, taking «=:215, the least value, 



'=V: 



54300X4 



=2-586 inches. 



215X151 

Since 6=ir (120, and if 3/) be made to represent the whole pres- 
sure on the circular end, then fp=— ( 12/ )*p 



.-±V"=±'a/? 



Fig. 2 represents a section through O, Fig. 1, AD =4 feet, then 
AR=PD=2-586 inches. If OA=AA, tben^=:half AE, to sus- 



FiO;S. 




tain the pressure of steam on a circular cover whose diameter i^ 
equal twice OA, consequently, O^rR is a straight line. There are 
two values of /, showing that the conical surface may be either 
above or below the diameter DA. 

To fiud the pressure applied at the centre O, Fig. 3, acting at a 
distance OA, and equal to a pressure applied equally over the 
circle CDE; the distance CA from the rim being constant, and the 
pressure on the annular space CADEF being neglected. 

By a variable pressure, the centre O is easily made to vibrate; 
hence the pressure on the elementary annular Bf>aoe mnuv^ as in the 
former case is only considered witli respect to the fixed rim AGK 
The space mnuv may be supposed to move up and down freely, 
compared with the resistance to fracture offered at the rim. Fig. 
4 illustrates this matter, for let PQ=:48 inches; now let PQ be 
only increased ^,th of an inch, the line PMCj becomes 43*1 inches, 
while the perpendicular ^IN becomes 1'55 inches, or 15^ times the 
elongation received by PtJ, or (24)2+(l-55)2=(24-05)«. 

To return to the direct investigation, let CA = a/ Cn^ix; 
mn= 0^, the differential of x. The momentum of x will be 
{a-\-x) X acting independently at the distance d+jr from A. 
Agjiin let c=00; then Op=c— a?, and the circumference of tlie 
elementary space mnuv=z'lv (c—x), and the sum of all the pres- 
sures acting on the elementary space mnuv, will be represented 
by 'Itr (c-x) {a-\-x) |.r; the integral of which is 

which, when taken between the limits 4f=o and jr=c, becomes 

so that one-third of the area of the circle CDEF multiplied by 
0(^, the radius, increased by three times the breadth of the an- 
nular B^^ice AC, or {c-\-'Za\ is equal to the uniform pressure spi^ead 



over the surface of the circle CDEF acting upon the rim of the 
outer drde COB. 

I will conclude with the detaik of the bursting of a boiler that 
have lately fallen under my notice. Fig. 5 is the section of a 

Fie. 4. 
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boiler with a cast iron head 48 inches diameter and 1 J inches thick. 

This boiler belonged to Mr. Wheeler Beers, of Bridgeport, Con- 
necticut, XJ.S. America, and stood a pressure of from 60 to 70 lbs 
on the 8<^uare inch for about six months, and then burst without 
much noise and destroyed the building in which it was phused The 
head vibrated consicerably,and was found whole not many feet from 
where the boiler stood. The fracture took the direction indicated 

Fig. 5. 

Fracture., Ca^-iroo Le»d, 4fl iaebra djameter, Fmcture. 




in the figure, and so even all round that it might be considered the 
frustum of a cone. The bursting of this boiler led to a lawsuit, 
and several experiments were tried under my superintendence to 
determine the proper shape and dimensions for cast iron covers, 
and the effects of vi orations. The investigations here established I 
found to agree very well with my experiments. In pressius; or 
forcing out a circular head by a pressure in the centre, halfthe 
circumference might be taken for the breadth of a beam fixed at 
both ends and loaded in the middle, the thickness of the metal the 
depth, and the diameter the distance between the supports; but J 
used the whole circumference and lessened the value oft accord- 
ingly. 



Proposed Music Hall at South Kensington. — ^There is in course 
of formation a company to be called the ** International Hall 
Association." The capital is to be ;£20,000, in shares of ^5 each. 
The object of the Asssociatiou is to erect a temporary hall, im- 
mediately adjoining the International Exhibition building for 
1862, for a series of concerts on a grand scale, under the direction 
of Mr. Alfreil Mellon. It is proposed that the hall shall cover an 
area of 22,500 feet, be circular in form, and erected at a cost of 
about £15,000, including fittings and rent of site for the year. 
The building is proposed to accommodate an audience, exdnsive 
of the orchestra, of ten thousand persons. The orchestra vill 
be capable of holding from a thousand to twelve hundred per- 
formers, and the bnilding will include refreshment and cloak- 
rooms, &c. Tlie offices of the association are at 442, Oxford- 
street, where a plan of the intended building may be seen. 
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OPENING ADDRESS TO THE ROYAL INSTITUTE 

OF BRITISH ARCHITECTS. 

Sesmn 1861-62. 

By William Titb, M.P., President 

On a similar occasion to the present, two years aj?o, you did me 
the honour to invite me to read an Opening Address on the 
occasion of the inauguration 'of these apartments as our resting- 
place. On that occasion I endeavoured to bring before you a 
general review of the state of architecture at that time in Europe, 
and of its probable future prospects. The interval is not long, 
but it is marked with important incidents, whether relating 
to ourselv^es or the world of art in general. We have lost a noble 
and beneficent patron and president, and, on the other hand, some 
of the incidents and considerations which have occuri*ed relating 
to art in /afeueral, and architecture in particular, are most im- 
portant These considerations induce me to believe that, in my 
new character as President, you will allow me this opportunity 
of suggesting to you such views as occur to me having reference 
to the past, and such notices of the circumstances which are 
now occui-ring as I trust may be interesting and useful to us 
in our profession. 

As to the first, one*s mind naturally recurs to the personal or 
professional losses we have to record. At the close of this paper 
I propose to refer to the deaths more specifically, and, therefore, 
at present I proceed to notice topics of immediate interest; and 
first, that which assumes the ereatest importance at the present 
moment—the Great Exposition of 1862. In some concluding 
remai'ks I made towards the close of last session, I referred to the 
position allotted in our modern society to our profession, and 
this appears to be marked even in reference to the Exposition of 
1862. 

On the occasion of the first Exposition, as you may remember, 
the design proposed by a committee of architects for the building 
was set aside, and a design, happily suggested by Sir Joseph 
Paxton, was adopted in its stead. The services of the members 
of this Institute were, however, but slightly resorted to, and the 
superintendence of the working details of the building was in- 
trusted to a member of the newly recognised branch of our pro- 
fession, a civil engineer. On the present occasion also the claims 
of British architects to co-operate in the design of a building 
which ought essentially to represent the state of the art amongst 
us at the present day, have been ignored; and foreigners are thus 
likely to form their opinions as to the merits of English architects 
from the production of a military engineer. I do not propose to 
criticise the designs of either of the Exposition buildings, not- 
withstanding the numerous lessons "of wnat to avoid" they both 
furnish. But in the name of this Institute I think it my duty 
to protest against the official exclusion of architects from the 
councils of those who assume to represent the taste of the nation 
in the various branches of art. 

Unfortunately, it would seem that the public in general parti- 
cipates in the species of disfavour which this exclusion of recog- 
nised architects from the councils of the past and future Expo- 
sitions may be considered to indicate; and the cheers with which 
vulgar, unreasonirig abuse of our profession is almost always 
received ought to inspire us with serious anxiety. I believe from 
the bottom of my heart that the accusations brought against ua 
as a body are essentially false; that architects generally are 
honourable, conscientious men — hard students, earnest thinkers, 
and bringing to bear upon their professional duties such an 
amount of varied information, practised skill, educated talent, 
and high-minded integrity, as would in any other profession 
insure a far greater share of wealth and distinction than we 
usually attain. Feeling very strongly as I do on this question, it 
is to me the more painml to observe the existence of an opinion 
precisely opposed to my own in those who might be supposed to 
have known us intimately; and when such men as the present 
Under Secretory of State for Foreign Affairs did not hesitate to 
state in Parliament on the debate on the British Museum, that 
he advocated the plan proposed bv Mr. Oldfield, because it was 
not prepiired by a professional architect, and that the great suc- 
cess of the great readiug-room was due to the fact that in that case 
"the trustees were not trammelled by an architect;'' and further 
that, in a crowded House, these opinions met with considerable 
appUuse; a§aiD, looking at Mr. Layard's remarks in the debate 
on the Foreign 0/fc^ in which we are spoken of most disparag- 
"Jglj;— and thiaheiDg J^o^ I am forced to ask myself whether these 



thinffs can be true t They say that *' there can be no smoke with- 
out nre," and it behoves us therefore, whatever fire may exist to 
cause the smoke now obscuring our &me, to trample it out 

A^in, I cannot but re^t to observe the almost unanimous re- 
conution of the distinction lately established between the pur- 
suits of engineering and of architecture; because I am convinced 
that both of them would gain by beinff studied and practised 
simultaneously. In former time, and indeed until the establish- 
ment of the *^ Corps Royal des Ing^nieurs des Ponts et Chauss^es," 
in the middle of the last century, no such distinction was ad- 
mitted. Sir 0. Wren and Mansard were both architects and 
engineers; Perronet called himself "Architect du Roi;" Robert 
Mylne called himself architect and engineer; Telford began his 
public career by building a church. It was the development of 
the canal system which first led to the separation of engineers 
and architects among ourselves; and to some extent this may be 
explained, for the pursuits of the architect lead his studies rather 
towards the conditions of statical, than of dynamical forces, whilst 
the canal and dock engineer has to deal very frequently with the 
latter. But in the execution of roads, railways, and such works, 
there are no conditions which ought to be beyond the sphere of 
an architect's knowledge; and I very strongly suspect that if archi- 
tects had been more frequently employed on railway works, our 
marvellous network of rails would have been constructed at less 
cost than it actually has involved; and that we should not have 
heard of so many accidents from " striking centres too soon," or from 
" the rain washing the mortar out of the arches." It is true that 
the construction of railways does not afford many opportunities 
for the exercise of the artistic faculty, the noblest one the archi- 
tect is called upon to employ. It is a kind of work which re- 
r'res more of science than of art But our profession ought 
ve all others to present the union of the art and science; and 
he is a bad architect, in the true sense of the word, who is in- 
capable of becoming " the best workman" in any of the branches 
of what I may be allowed to call statical construction. I dwell 
upon this subject, because it seems to me that much of the favour 
with which civil and military engineers are now regarded, and 
their employment to the exclusion of architects in the cases of 
the Exposition buildings, may be explained by the mistaken 
opinions which prevail with respect to the purauits and abilities 
of the latter. Not to travel beyond the names I have before 
noticed, I may be allowed to observe that the engineeiing works 
of Mr. Hosking upon the West London Railway may well com- 
pare with the architectural achievements of Sir William Cubitt 
in the first Crystal Palace. Be this as it may, it behoves us at 
least to render ourselves capable of discharging the oi*dinary 
duties of engineers and architects. Hydraulic engineering may 
require a different mental training, and a course of study of a 
different character, to that requimi for building in the open air; 
but it is absurd to suppose that the man who can build a church 
could not build a bridge or a viaduct, or that he should be unable 
to conduct great earthworks or tunnels. 

Before leaving the subject of the Exposition buildings, I can- 
not refrain from saying that the design given in the Builder of 
the Florence Exposition, strikes me as containing far more ar- 
tistic merit, and as presenting a more satisfactory architectural 
character, than the published design of the proposed building at 
South Kensington; no doubt because in this instance, as in the 
instance of the construction of the Palais de Flndustrie of Pains, 
educated architects were consulted. Passing over this part of the 
subject, however, I am sure that all my hearers will agree with 
me in the expression of the deep sympathy excited by the first 
Italian Exposition. These industrial gatherings have assumed of 
late years a deeper moral significance than could possibly have 
entered into the philosophy of their foimders, and they have be- 
come the occasions for eliciting the expression of the most recon- 
dite forms of national thought and feeling. An Italian Exposi- 
tion, held in the city of Giotto, Dante, Michael Angelo, and the 
Medici, becomes therefore the matter for serious reflection to those 
who wish that in truth Italy should cease to be '* a geographical 
expression," and we — whether admirers of the Broletti and of the 
town halls of the Medisev^ i-epublics, or of the palazzi, cassinc, 
or churches of the Risorgimento— must turn an anxious gaze ou 
the first steps of the noble Italian race in the |)olitical risorgi- 
mento which is at present taking place in that land so long cursed 
with what all considered " the fatal gift of beauty." Our sympa- 
thies may be of small import to the Italians in tlie struggle tliey 
have still to go through before they can establish a strong nation- 
ality such as " the advanced civilisation" of the age requires; but 
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I am sure that an assembly of architects will unanimously join in 
the expression of goodwill towards the Italian cause. May the 
Exposition of Florence prove the harbinger of the fall glory of 
bri<?ht days for Italy ! 

The Ai'tistic Congress of Antwerp, too, fussy and unpractical 
though it may seem to have been, contains the germs of an or- 
ganisation which may, perhaps, produce for art consequences as 
important as those produced by our " Association for the Ad- 
vancement of Science" in its pajrticular sphere. In these days of 
architectural and artistic eclecticism, it would manifestly be advan- 
tageous for the student to be able to study with his own eyes 
every local manifestation of testhetical feeling; for the subtle in- 
fluences of climate, political and municipal organisation can never 
be appreciated unless we have the means of watching their daily 
operation; and few learned treatises on the Art History of Na- 
tions enable us to appreciate the nature and extent of the action 
and reaction of building or of plastic materials on the visible 
expression of art. The amount of good to be elfected by these 
gatherings must depend on the manner in which they are con- 
ducted. As an isolated experiment, the Antwerp Congress 
was very successful. It were a marvellous pity that it should 
remain an isolated experiment. 

Whilst thus attending to foreign operations, it may be as well 
to continue our attempts to derive lessons from them before turn- 
log to mora decidedly local considerations, and I would therefore 
strive to point the moral of some other tales to be read in the 
proceedings of our immediate neighbours. Thus, all travellers 
who return from Paris are, upon a superficial view of what is 
takiug ]>lace there — and, it must be added, in almost every im- 
portant town of France— disposed to find fault with the com- 
paratively slow rate at which improvements are effected in 
London. Within ten years Paris has been, in fact, remodelled 
throughout; and broad streets, open squares, and fine houses, 
have replaced tlie ancient narrow, tortuous assemblages of dens of 
filth and impurity. It is to be feared, however, that the real 
sanitary improvement of Paris has gained little by these changes; 
and, indeed, so long as the water supply and the sewerage of that 
town are conducted on the present systems, little effect can be 
produced on that infallible test of the value of the sanitary 
arrangements of a town — the average death rate, I advise those 
who believe that " they manage all these things better in France 
tlian wo do here," to visit the intake of the Challiot Waterworks, 
or to ])onder over the charge he will have to pay, even in a pri- 
vate ludging, for that necessity of an Englishman's life, the daily 
hip-bath. Nor is this all ; for they who knew much of Paris life in 
former times must be painfully convinced that the embellishments 
of the town have resolved themselves into heavy charges on its 
inhabitants, whilst the utility of many of the costly works now 
in hand must seem more than questionable. House rents have 
risen to fabulous heights in Paris; the poor are driven from their 
old haunts, and no refuge is provided for them ; whilst, unfortu- 
nately, the sanitary defects of the old houses are servilely repro- 
duced in the new ones. But, however painfully these defects 
may strike us on second and calmer thouglits, it cannot be denied 
that there is something fairy-like in the rapidity and the bril- 
liancy of the change actually produced; and we naturally inquire 
by what financial agency it has been produced. My friend, Mr. 
G. K. BunicU, has made some inquiries into this matter, which I 
hope that he will be able to communicate to you in the course of 
the session; but in the meantime I may say that the impression I 
have derived from what he has told me is, that the improvements 
of Paris have been effected upon principles of political economy, 
and by dint of an abuse of public credit which would never be 
toleraietl in this country. We hold that local improvements 
should be paid for by local contributions, and that building spe- 
culations should not be assisted by financial corporations, patron- 
ised, if not directly managed, by the government. The opposite 
principles prevail amongst our neighbours, and, sooner or later, 
it is to be feai*ed that they must produce, even if they are not 
now producing, sad confusion in the finances of the state. 

One matter of detail may be worth especial notice from us— 
viz. the conditions under which the municipality is now able to 
obtain land for the purpose of efi'ecting any new works declared 
to be (i'utilite publique. Until 1852 the municipality, under the 
old law of expropriation, could only take compulsorily the land 
absolutely required for the establishment of the streets, and the 
proprietors of the land partially effected were entitled to i*etain 
Ihe remainder of their property, with all the increased value 



conferred by the new frontages. At the very close of the dicta- 
torial power assumed by the Emperor in 1851, a decree, ''having 
force of law," was issued however, by which municipal bodies, 
charged with the execution of works of public utility, were em- 
powered to take an additional width of land beyond the linen of 
the intended streets, sufficient to allow the construction of good 
houses. The effect of this law has been that the municipalities 
of France have lately been enabled to sell the frontages on the 
new leading thoroughfares they open at advantageous terms, and 
thus, at the expense of the landed proprietors disturbed, mate- 
rially to diminish the cost of the works. If the latter had been 
discussed by a really representative body, there could be little 
reason to regard the advantages thus given with jealousy; but 
when the works to be executed are simply prescribed by the cen- 
tral government, it is to be feared that great abuses may arise 
from the interference with the rights of private property it may 
be made to cover. 

The success of the artesian well of Passy is a subject of great 
interest to all who are called upon to deal with the supply of 
water to detached mansions, or even to small towns; and to us 
Englishmen it is the more interesting on account of the recent 
failures to establish similar wells at Highgate, Harwich, as well 
as at Calais and at Ostend. The boring at Passy, after passing 
through the same beds as had previously been traversed at Gre- 
nelle, reached the water-bearing stratum at a depth of 1797 ft. 
6 in. from the surface, and the water rose to a height of 13 ft. 
from the ground. The lower diameter of the well is about 
2 ft. 4 in. ; and the quantity of water it delivers has, after 
some oscillations, settled to about 3,791,000 gallons per twenty- 
four hours. At present the sand and clay brought up by the 
water are in such proportions that the water is not fit for use, a 
fact which was also observed at Grenelle during the first year 
after the completion of the boring. The water rises to about 82 
degrees Fahrenheit. One effect of this well has been to diminish 
notably the yield of the Grenelle well, and it must, therefore, for 
some time to come remain an open question as to whether or not the 
water-bearing stratum under Paris will be able permanently to 
maintain these two springs. The discussion of the failure of the 
attempts to obtain water in a similar manner to which I have 
above referred would extend to so great a length that I must pass 
it over slightly at present, but the great lesson to be learned from 
it seems to me to be, that at the present day our acquaintance 
with the laws of geology is only sufficiently advanced to enable 
us to say with certainty what we shall not find beneath the sur- 
face in districts which have not been exposed to violent subter- 
ranean disturbances; they are utterly incapable of telling us what 
we shall find. At London, Harwich, Ciuais, and Ostend, the 
lowest member of the subterranean formations, from which the 
wells of Passy and Grenelle derive their supply, is entirely 
wanting. 

A very warm and rather an acrimonious discussion is now 
being waged amongst the chemists and experimental observers 
on the laws of metallurgy with respect to the differences between 
iron and steel; and the names of Binks, Mushet, Bessemer, Fremj, 
and Caron, add weight and authority to the various opinions 
propounded on this very obscure subject " Non nostrum inter 
eo8 tantas componere lites^ and Messrs. Fremy and Caron may 
well be left to settle the precise amount of influence exercised by 
the nitrogen, cyanogen, and carbon present during the cementa- 
tion of steel upon the resulting product The influence these 
researches may exercise upon the building arts may however be 
very great; and the production of steel by the new methods sug- 
gested by an improvement in the theory of the production of steel 
may possibly place within our reach a material possessed of far 
more valuable elastic properties than either cast or wrought iron. 
We must therefore follow with interest the steps of this inquiry 
and hold ourselves ready to adopt any improvement it may place 
at our command. I would make the same remark with respect 
to the recent applications of electricity to the ordinary purposes of 
life; and I would urge the members of our Institution to avail 
themselves wherever it is possible of the ^eat domestic con* 
veniences that wonderful agent is able to supply. We in Englaxid 
are behind our French neighbours in this respect. 

In domestic matters the most important lesson to be derived 
from the events of the last twelve months is, perhaps, the one 
connected with the terrible fires in the river-side warehouses. Isk 
a city so essentially commercial as London, it must always be 
desirable to interfere as little as possible with the arrangemfliits^ 
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1846 M. Wertheim published a memoir, written in conjunction 
with M. Chevandier, *XJpon the Mechanical Properties of Wood/ 
which, unfortunately, has not yet been translated into English; 
and in a memoir ' npon the Doable Refraction product in 
Isotropons Bodies,' M. Wertheim discussed the results obtained 
b^ Mr. Hodgkinson from his experiments npon the elastic con- 
ditions of cast and wrought iron, suggesting for the purpose of 
observing the gradual effects of compression of solid oodies the 
elegant chromatic dynamometer. This memoir will be found in 
the ' Annales de Chimie et de Physique.' 

The name and works of Vicat are of course known to air who 
have followed the history of modem science. Enga^ in early 
life in the actual practice of his duties as engineer of the Pouts et 
Ohauss^s, he constructed some of the roads leading to Genoa on 
the brinks of the Isle river, in the Perigueux; and in 1813 he was 
appointed engineer to the Bridge of Souillac, over the Dordonne, 
and it was in the course of the preliminary studies for this work 
that he was led to the discoveries which have so materially 
advanced the building arts and immortalised his name. At 
Souillac Vicat introduced the system of founding the piers of 
bridges on masses of concrete, sunk under water within close 
piled enclosures, or ''caisses sans fonds," and to secure the suc- 
cess of the system it was necessary that he should use a lime which 
should be capable of setting under water. The chemical theory 
of limes and cements was at that period but very little under- 
stood, though the researches of Smeaton, Huggins, Guyton de 
Morveau, Bergman n, and de Saussure, and the introduction by 
Wyatt of the Boman cement, had placed at the disposal of en- 
quirers many of the elements of its solution. About the year 
1817, Vicat corumunicated to the Academic des Sciences the 
results of his analytical and synthetical experiments upon the 
composition of limes of various qualities; and he then propounded 
the theory which subsequent inquiries have confirmed and de- 
veloped, to the effect that the hai-dening of mortars depended 
on the combination which takes place in them between the lime 
and the silicate of alumina they contained. Vicat published in 
some separate brochures the results of his subsequent experiments, 
and in the 'Annales des Ponts et Chaussees,' he has also pub- 
lished some important memoirs on the strains to which sus- 
pension bridges are exposed, on the resistance of iron wire ropes, 
on the compression of solid bodies, and on the statistics of the 
lime-producing formations of France. He co-operated with M. 
St. Leger in the introduction of the manufacture of the artificial 
hydraulic limes, and indeed he must be considered to have led 
the way to all the modem improvements in that important 
branch of the building arts. M. Vicat was fortunate enough to 
witness the universal recognition of the truth and of the practical 
importance of his discoveries, which, with the true spirit of a 
philosopher, he had at once unreservedlv placed at the service 
of the public He received honours from every government 
which in turn has ruled in France during his long and useful 
career, and in 1 845 the legislature of his country unanimously 
voted him a pension of 6000 francs a year, on the strength of a 
report presented by MM. Arago and Thenard. When in 1853 
Vicat resigned his post on account of his advanced age, he was 
named by a special decree of the Emperor, Honorary Inspector- 
General of the Ponta et Chaussees, a dignity created expressly to 
honour this earnest and disinterested student. Vicat's works 
have been translated into almost every language of Europe; into 
our own, by Captain E. H. Smith. Vicat died on 10th April, 
I8G1, aged 75 years. 

In the course of this year also, the ranks of science have lost 
M. Berthier, the distinguished author of the *Traite des 
Analyses par la Voie s^cbe/ in the course of which will be found 
some chapters bearing upon our profession. Berthier devoted, 
in fact, much attention to the examination of Vicat's discoveries, 
and has discussed the principles on which they are founded; he 
also paid attention to the analytical inquiries into the nature of 
other buildiug materials, and of the metals used in construction. 
Berthier died 24th August, 1861. 

We have to regret also the loss of Sir William Pasley, whose 
iiame has been so intimately connected with the diffusa! in our 
country of the inventions and theori»?s of Vicat. Sir William 
wfts bom in 1781 » and in 1797 he entered the army as second- 
lieutenant of artillery, but in the next year he exchanged into 
the Royal Engineers. He serve<l at the defence of Gaeta, in 1806; 
at the Battle of Maida; at the Seige of Copenhagen; as Aide-de- 
camp to Sir J. Moore, in 1808-1809. In the Walcheren Expedi- 
tion, Sir William, then Captain Pasley, was wounded twice; he 



then served in the Peninsular War until 1812; and in 1813 he 
was appointed Director of the Eoyal Engineers Establishment 
at Chatnam, a post he retained until his nomination as major- 
general in 1841. The connection of General Pasley with cor 
profession is to be sought principally in the various papers in- 
serted by him in the Corps Papers of the Royal Engineers; in his 
' Observations on Limes and Calcareous Cements,' 8vo., London, 
1838; in the interesting operations for the removal of the wreck 
of the Eoyal Greorge, and in blasting the Bound Down Cliff, near 
Dover; indirectly, his duties as Inspector of Hallways also 
brought Greneral Pasley in contact with some of the members of 
our profession. Perhaps I' may be allowed especially to call 
attention to the part which Sir William bore in the introduction 
of the artificial, over-calcined cements, known at the present 
day by the name of the Portland cements. In this instance. Sir 
William worked in connection with the late Mr. Frost, and those 
gentlemen seem only to have missed the discovery of the influence 
of excessive calcination upon the action of the alow-setting 
cements, in their curious and valuable researches. Sir WiUiani 
Pasley died on the 19th April, 1861. 

Mr. Eaton Hodgkinson was one of the students of the abstmser 
branches of science conuected with our profession, whose labours 
will long continue to influence its practical details, and he may 
also be cited as one of those who achieved distinction by his 
" self-help," even while following studies of the most recondite 
order. Without anv adventitious aids from family connection or of 
wealth, Mr. Hodgkinson had succeeded in making himself suf- 
ficiently known for his acquaintance with the application of the 
higher branches of mathematics to the physical sciences (espe- 
cially by the publication of a paper in tho Memoirs of the Man- 
chester Society for 1822), to be employed by the engineers of that 
very practical town to conduct some experiments on the strength 
of cast-iron, and on the best form of section to be adopted for 
girders. Previously to the publication of Mr. Hod^kinson's 
mquiries, the rules laid down by Tredgold on these subjects had 
been universally received by practical men; and he reasoned upon 
the supposition that cast-iron, like otlier solid bodies, resisted 
equally the force of compression exercised upon the top or upon 
the bottom, when loadea as a beam. Tredgold therefore inferred 
that the best form of section would be one resembling the letter 
I, with equal flanges at the top and at the bottom. Hodgkinson, 
however, discovered that cast-iron presented some anomalous 
conditions of elasticity, and that especially it resisted efforts of 
compression with an energy which was nearly six times as great 
as the energy with which it resisted efforts of exension; he was 
thus led to recommend a form of cross section for girders in 
which the upper and lower flanges were made to present sectional 
areas corresponding with the efforts of compression and of 
extension they would respectively have to resist. The late 
George Stephenson was one of the first engineers to adopt this 
form of girder for the bridge on the Liverpool and Manchester 
Railway, over Water-street, Manchester, erected in 1830; since 
theji it has been adopted universally, though for my own part I 
confess that the unequal rates of cooling in the top and bottom 
flanges of Mr. Hodgkinson's form of girders seems to me to 
involve a very serious practical danger, on the score of the sound- 
ness of the casting in which the areas of the flanges are so 
markedly unequal. 

Mr. fiodgkinson then devoted his time and attention to a 
series of investigations into the general laws of the elasticity of 
rigid bodies, and of tho strength of pillars of cast-iron and of 
other materials. His methods of observation were far from being 
as elegant or refined as those adopted by M. Wertheim, but thej 
have been made more practically useful, and the em^iricsd 
formula deduced from them still regulate the practice of en^neers 
and architects. Mr. Hodgkinson*8 results were published in the 
Transactions of the Eoyal Society in 1840, and they were judged 
worthy to secure their author the iloyal Gold medal, and his nomi- 
nation as a member of that learned body. In 1845 Mr. Hodg- 
kinson was engaged by Mr. Robert Stephenson, in conjunction 
with Mr. Fairbaim, in the experiments it was considered neces- 
sarvto make previously to constructing the tubes of the Conway, 
and of the Britannia bridges; and it is to the results so obtained 
that we are indebted for the wonderful change introduced in the 
buil<ling arts by the application of wrought-iron plain and boxed 
girtlers. The most important facts thus elicited by Mr. Hodg- 
kinson were communicated by him to the ** Commissioners t6 
inquire into the application of iron to railway structures* named 
in 1847, in consequence of the failure of the Dee Bridge at Ches- 
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minor detuls — permitted the re-use of the chanceL Before the 
alterations, besides the ordinary dilapidations and whitewash, 
the interior presented a mass of obstmctions. One huge gallery 
under the chancel arch so overhung the ancient pulpit (a re- 
markably rich specimen of stone panelling) that no one could 
stand comfortably in it. The chancel was sumost concealed from 
the nave, and, except for the sacrament, was never in use; while 
other galleries rendered the transepts equally unavailable. The 
roofs of nave and transepts were hidden by a flat ceiling, and it 
was difficult for any but a practised eye to recognise, beneath all 
lAiese unseemly encumbrances, the true features of what now 
appears to be one of the most beautiful examples of the best 
period of Grothic architecture. In the year 1854 the church was 
placed in the hands of Mr. G. G. Scott, and in 1858 the restora- 
tion of the nave was accomplished, and to this has now been 
added that of the chancel. ^ 

Several styles are observable in different portions of the edifice, 
but the prevalent one is that of the fourteenth century. We may, 
however, mention that the west door is a beautiful relic of an 
earlier church. The tower is of peculiar merit, being soiuire up 
to the roof ridge of the nave, and octagonal above it, with a stair 
turret carried up one side, and boldly projecting above the pin- 
nacles with which the angles of the octagon are crowned. The 
chancel has magnificent stalls of excellent workmanship, and its 
stone vaulting has some curious bosses representing the closing 
scenes of our Lord's life. Tiie nave and transepts are now 
uniformly neated with substantial open benches, the whole of the 
stonework has been rejjaired, and the warm rich colour of the red 
sandstone of which the chancel is built is once more visible. The 
northern portion of the north transept, formerly a chantry, and 
opening into the transept by a fine arcii, is now appropriated for 
the organ, which has been improved and enlai-ged by Messrs. 
Hill and Son. In the chancel encaustic tiles have been laid down, 
chiefly copied from the original patterns, of which some fmgments 
remained. The noble seven-light east window has been filled 
with stained glass, and two elaborate niches, on either side, have 
been carefully restored, as also the old aumbry and sedilia. A 
reredos is also in contemplation, to be the gift of Lord Crewe, 
the patron of the living, at whose expense this restoration of the 
chancel has been effected. 



EXPERIMENTS ON THE GAUGING OF WATER 
BY TRIANGULAR NOTCHES.* 

By J. Thomson, A.M., 
Professor of Civil Engineering, Queen's College, Belfiist 
In 1858 1 presented to the Association an interim report on the 
new method which I had proposed for the gauging of flowing 
water by triangular (or V-shaped) notches, iu vertical plates in- 
stead of the rectiigular notches with level bottom and upright 
sides in ordinary use.f I there pointed out that the ordinary 
rectangular notches, although for many purposes suitable and 
convenient, are but ill-adapted for the measurement of very 
variable quantities of water, such as commonly occur to the engi- 
neer to be gauged in rivers and streams; because if the rectangular 
notch be made wide enough to allow the water through in flood 
times, it must be so wide that for long periods, in moderately dry 
weather, the water flows so shallow over its crest that its indica- 
tions cannot be relied on. I showed that this objection would be 
removed by the employment of triangular notches, because in 
them, when the quantity flowing is small, the flow is confined to a 
narrow and shallow space, admiting of accurate measurement; and 
as the quantity flowing increases, the width and depth of the 
space occupied in the notch increase both in the same ratio, 
and the space remains of the same form as before, though in- 
creased in magnitude. I proposed that in cases in which it might 
not be convenient to form a deep pool of quiet water at the up- 
stream side of the weir-board, the bottom of the cliannel of 
approach, when the triangular notch is used, may be formed as 
a level floor, starting exactly from the vertex of the notch, and 
extending both up-stream and laterally, so far as that the water 
entering on it at all its margin may be practicjilly considered as 
still water, of which the height of the surface above tlie vertex of 
the notch may be measured in order to determine the quantity 
flowing. 

• R<«id before the Brituh AaBociation at Manchester. 
i Iboo C. £. (Cr A. Journal, voJ. xxl. p. 809. 



I indicated theoretic considerations which led to the anticipa- 
tion that in the triangular notch, both with and without the 
floor, the quantity flowing would be proportional or very nearly 
so to the 4 power of the lieight of the still- water surface above 
the vertex of the notch. As the result of moderately accurate 
experiments which I had at that time been able to make on the 
flow in a right-angled notch without floor, I gave the formula 
Q =0*317 H§, where Q is the quantity of water in cubic feet 
per minute, and H the head of water, as measured vertically, in 
inches, from the still-water level of the pool down to the vertex 
of the notch. This formula 1 submitted at that time temporarily, 
as being accurate enough for use for many ordinary practical pur- 
poses, for the measui-emeut of water by notches similar to the 
one experimented on, and for quantities limited to nearly the 
same range as those in the experiments ^from about 2 to 10 cubic 
feet per minute), but as being subject to amendment by future 
experiments, which might be of gi'eater accuracy, and might ex- 
tend over a wider range of quantities of water Having been 
requested by the general committee of the association to continue 
my experiments on this subject with a grant placed at my disposal 
for the purpose, I have, in the course of last summer and pi*eseut 
summer, devoted much time to the carrying out of more extended 
and moi'e accurate exyierimeuts. The i-esults wliich I have obtained 
are highly satisfactory. I am confident of their being accurate. 
I find them to be in close accordance with the law which had 
been indicated by theoretical considerations; and I am s:itisfled 
that the new system of gauging, now by these experiments made 
completely ready for general application, will prove to be of great • 
practical utility, and will atTord for a large class of cases import- 
ant advantages over the ordinary methods, — for such cases espe- 
cially as the very varying flows of rivers and streams. 

The experiments were made in the open air, in a field adja- 
cent to a corn mill, in Carr*s Glen, near Belfast. The water 
supply was obtained fi-om the course leading to the water-wheel 
of the mill, and means were arranged to allow of a regulated 
supply, variable at pleasure, being drawn from that Ctmi-se to 
flow into a pond, in one side of which the weir-board with the 
experimental notch was inserted. The inflowing stream waa 
so screened from the part of the ])ond next the gauge notch as to 
prevent any sensible agitiition being propagated fi-om it to the 
notch, or to the place where the water level waa measureil. For 
measuring the water level a vertical slide wand was used, with 
the bottom end cut to the form of a hook, the point of which 
waa a small level surface of about J inch square. This point 
of the hook, by being brought up to the surface of the water from 
below, gave a very accurate means for detei mining the water 
level, or its rise or fall, whicl» could be read off by an index-mark 
near tlie top of the wand, sliding in contact with the edge of a 
scale of inches on the flxeil framing which carries the wand. 

By other experiments a sharp pointed hook, like a tishmg-hook 
has sometimes, especially of late, been used for the same purpose, 
and such a hook aflbrds very accurate indications. The result of 
my exyjerience however leads me to incline to prefer something 
larger than the sharp-pointed hook, and capable of producing au 
efiect on the water surface more easily seen than that of a sharpH 
pointed hook; and on the whole I would recommend a level line, 
like a knife-edge, which might be from one-eighth to half an inch 
long, in preference either to a blunt point with level top, or a 
sharp point. The blunt point which I used was so small, how- 
ever, as to suit very perfectly. If the point be too large it holds the 
water up too much on its top, as the water in the pond descends, 
and makes too deep a pit in the F.urf;ice as the water ascends and 
begins to flow over it. The knife-edge would be free fmm this 
kind of action, and would I conceive serve every purpose perfectly, 
except when the water has a velocity of flow past the hook, and iu 
that case, perhaps, the sharp point, like that of a tishing-hook, 
miirht be best. 

To attbrd the means for keeping the water surface during an 
experiment exactly at a consUint level, as indicated by the point 
of the wooden hook, a small outlet waste sluice was fitted iu the 
weir board. The quantity of water admitted to the pond was 
always adjusted so as to be slightly iu excess of that required to 
maintain tlie water level iu the pond slightly above the height at 
wJiich the hook was fixed for that experiment. Then a per90U 
lying down, so as to get a close view of the contact of the water sur- 
face with the point of the hook, worked this little waste or regu- 
lating sluice, so as to maintain the water level constantly coinci- 
dent with the point of the hook. 

The welter issuing from the experimental notch was caught in a 
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ing of tbe fidliDg Tein of water to the outaide of the notch, 
which wbiild evidently produce a much greater proportionate 
effect on tbe very small flows than on great flows. The special 
purpose for which the wide notches have been proposed is to 
serve for the measurement nf wide rivers or streams, in cases in 
which it would be inconvenient or impracticable to dam them up 
deep enoUjgh to effed: their flow through a ri^jht-angled notch. 
In such cases I would now further propose that, instead of a 
single wide notch, two, throe, or more rigiit-anglod notches might 
be formed side by side in the same weir. board, with their vertices 
at the same ievel. In crises in wliich this method may be selected, 
the persona using it, or making comparisons of gaugings obtained 
by it^ will baA-e the satisfactiuu of l>eing concernoiT with only a 
single standard fitrni of gauge notch throughout the investigation 
in which they may lie engaged. 

By comparison of the formulas given above for the flows 
through the two not<.rhes ex]>erimenteil on, of which one is twice 
as wide for a given depth as the other, it will be seen that in the 
formula for the wider notch the co-efficient 'BSfi is rather more 
than double tbe co-efficient '305 in the other. This indicates that 
as the wiilth of a notch considered as variable iuci-eases from that 
of aright-angled notch upwanls, the quantity of water flowing 
increases somewhat more nipidly than the width of a notch for 
a given, depth. Now, it is to be observe^l tliat the contraction of 
the stream issuing from an orifice open above in a vertical plate is 
of two distinct kinds at ditTerent parts round the surface of the 
vein. One of these kinds is the contraction at the places where 
the water shoots off fmm the eiges of the plate. The curved 
Burfltce of the fluid leaving the plate is necessarily tangential 
with the surface of the plate along which the iR'ater has been 
flowing, as an infinite force would be required to divert any moT- 
ing p:irtlcle suddenly out of its previous course.* The other 
kind of contraction in orifices open above consists in the sinking 
of the upper sui-face, which be;cins gradually within the pond or 
reservoir^ and continues after the water has passe<l the orifice. 
These two contractions come into play in very different degrees, 
acc(Nrdiug as the notch (whether triangular, rectangular, or with 
xjuryed edges) is made deep and narrow, or wide and shallow. 
Fi*om considerations of the kind here briefly touched u])on, I 
would not be disposed to expect theoretically that the co-oflicient 
C for the formula for V-shaped notches should be at all truly 
proportional to the horizontjd width of the orifice for a given 
depth; and the experimental results last referred to are in accord- 
ance with this supposition. I would, however, think that from 
the experimental detcruiiuatiou now arrived at, of the co-efficient 
for a notch so wide as four times its depth, we might very safely, 
or without danger of falling into an important error, pass on to 
notches wider in any degree, by simply increasing the co-efficient 
itt the same ratio as the width of the notch for a given depth 
is increased. 



THE PROFESSORSHIP OF THE ARTS OF CONSTRUC- 
TION AT KING'S COLLEGE, LONDON. 

TuE vi^cancy oreatetl by the death of Prof Hosking, who had 
for some years occupied a professional chair at King's College, 
under die title of Professor of the Arts of Construction, has been 
.iilled by the appointment of Mr. Robei*t Kerr as his successor. 
' The appointment is unquestionably a happy one, and those 
. who know Mr. Kerr's extensive acquaintance with his profes- 
sion in its various branches, and his- ready and fluent power of 
>jcpre8sing his idea.s, will readily believe that the new professor 
will be speedily recognised as one of the ornaments of the 
' College. 

We trust that this course of lectures will become in the hands 
of Prof. Kerr an impoHant agency in promoting that movement 
in favour of a more complete system and a higher standard of 
, professional education for architectural students, which the new 
.examinations now, being inaugurated by the Ro;^al Institute of 
^Jfoitish Arohi^eqts are intend^ to promote. With that move- 
iju«iit Prof. Kerr has been, and is^ thoroughly identified; and we 
4 cungcatulste him on the- diaUnotion' which has so opportunely 
iisflerdedhim-an.oacasiou of pntofcically ^oontributing to .the eda- 
^'iMidn 6f the vising gei^rattoa ^f'^cbitocts .-rnd engineers. . 



We wonld add that this ap 



ought to render these 
architectural students than 



classes more generally attentied by 
heretofore. For the most part, the attendance upon them has 
been confined to students of the College who were destined for 
the engineering profession. They will now probably be also fre- 
quent^, as in the case with Uie admirable classes at London 
University College, conducted by Prof. Donaldson, by young men 
who are preparing for the architectural profession, and who, in 
many cases, are not students in other classes. 



inenUjy noticed by cxperimeDtere aad 
* * * '" 'IT deliuc.tttohd of 



J,, -* Tbifcoi^dtti^uppfamiot lo^reJ ,.,,^ ,^ , ^ 

wHiert bD%d^i6a«painIC8. KVen'M^r; PoAcelot and LOitbrM, In theii 

^'tlM'fdrifiiR 't)f -iv&ft'Af Waiter foftiriAf-fron<frtficea'fe ifwM plAtev, ftfter elaborate mettmre- 
nicntH of those forms. reprt>iM!ut tbe surface of the fluid a* ouikiic a ibarp sagla skh 
tbe plate in leaving its edge. 



PROPOSED EXAMINATIONS FOR ARCHITECTURAL 
STUDENTS. 

The scheme introduced by the Royal Institute of British Ar- 
chitects for voluntai*y architectural examinations has now been 
advanced another stage. As already stated in this Journal, the 
principles that a voluntary examination in architecture is desir- 
able, and that the lust it ate would proceed to establish such an 
examination, were voted early in the last session, and a scheme 
was consequently prepared by a committee, and subsequentW 
submitted to the various provincial societies, and to the Archi- 
tectural Association, for their criticisms and suggestions. Such 
of the suggestions as seemed worthy of adoption were em- 
bodied, anil the whole plau was laid before a special general 
meeting of the Institute neld on the 1 1th ult. 

At this meeting the report of the committee embodying the 
scheme thus elaborated was adopted, and a small sub-committee 
is now sittinir, whose duty is confined to examining and regnlat- 
ing all the details, editing the list of books, and making such 
other preparations as mny be necessary preliminary to tne an- 
nonncement of the whole to the public. As soon as the final 
report of this sub-committee is sent in and adopted, our readers 
will have the benefit of it, and we shall then be in a position to 
announce the date fixed for the first examination. It is, howsTer, 
generally uuilerstood that, with a view to afford students time 
for preparation, no examination will take place till some consider- 
able time afler the publication of the definite regulations and 
curi'iculums. 



THE NATIONAL DEFENCES. 

We have already (ante page 172) submitted to our readers the 

¥aper on *The National Defences,* read by Mr. Bidder, jun. at the 
nstitutioB of Civil Engineers. An exceri)t, comprising both the 
?aper and the discussion upon it^ has just been issued by the 
ustitution. 

It is matter of satisfaction that a subject of vital importance to 
the nation, and involving many yet undetermined scientific ques- 
tions, should have been so frankly and fully debated by the mem- 
bers of the institution, in common with gentlemen representing 
both branches of her Majesty's service. The rapid transformation 
or development which marks the present phase of warlike science 
seems to stimulate a continual sort of competition between the 
appliances of attack and defence. In addition to strategic know- 
ledge, to which, of course, civilians do not pretend, a special ac- 
quiiintance with the materials and principles of construction that 
enter into the latest contrivances of warfare is essential; and 
none are better qualified to deal with this branch of the question 
than our civil engineers. We therefore think that the Institution 
have rendered an important public service in takinff up the 
matter as they have done ; and we trust they will not fOlow it to 
drop. 

Two points appear to have oome out with sufficient distinct- 
ness in the progress of discussion. The first, that the security of 
these islands must always essentially depend on a home fleet 
strong enough to command the Channel. The other, that the 
fortification, at least, of the naval arsenals is a matter of the 
hig:hest moment Artillery, as entering equally into the naval 
and military defences, becomes thus invested with a double in- 
terest, we purpose for the present chiefly to consider those 
parts of tlie discussion which bear upon this much canTawed 
.branch of the subject Mr. G. P. Bidder (the President^ in 
opening the discussion, made the dollowiug very pertinent re- 
marks as to the two systems of artillery that at present divide 
the attemtion of the public:— 

'** Thitsftt wics another questi<>n upon which the paper bad not tonehed, 
'bat whidr <nig&t not tcr he overlo<Mced in this discuidon;^t was, what 
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B«^are proceeding to deionbe this fuze he woulil offer tm^ m two ob- 
stirv^ioos on the differeno^ of the conditioiu retmired in ik percuadaa 
fiize for »e»-eervioe Aod for 1/. i lo both tonoM it was neooiiF^rY 

that the fuae should be eo c rwi to reaiflt exploeioa under the 

greatest am r -^ '^ ■' v nee to v> u:uu i l .tught chimce to be exposed m traii«- 
port or in h\ , ;kt the same timej the cooiitruction must be euch th^t 

the act of fir ^ U from the gun should have the efTect of putting the 

tee, sm it were, trom half cock to fuU^oock, and thus giving it a semi- 
hility which it did not previously possess. There was, however, this im-' 
p«>f tknt difference tn the two cues. In the Ia&cUci.Tvice f uxe the sensibility 
thus acquired could not be too mat. The shell ought to explode, if it 
ilid but strike a niaa'i hat; but m t^ . Ux^ fuze the sensibility must 

W limited, because a oon^uiera^ <^ f the shells wnuld ricochet 

from the water, and if they wen; ^. . ., . Jj from that concussion, the 
ohance of their sul^seqiiently strikii^ a ship would be lost. 

Another important object in the sea-eervioe fuze wan to attain the 
f^ppsatast possible rapidity of action, so that the exploiioo might tokd 
phuse dtpier in the not of psesing throug^h the timber, or instandy on en* 
tering the ship. Sir Howard Douglas had obje>oied to the use uf percusaloia 
sheila, up(3u the ground that they pa«»d tlie %h^g ikle of a amp before 
thety exploded, and wasted thetr cfTdCts upon the opposite side, where the 
men wene not eugnged. Quickness was, thereforej, a most imfMjrUnt 
ooiisideratioa;; and irheD he staterj that the Ume which a shell occupied in 
pMsing through the side of a ship was only al>out the 400th part of a 
seooad, and that in that minute interval of time all the tnovemente in the 
fuae must tiike pUc^-^tlmt the flame fn^m the detonator must travel into 
the sheU, and thiU the C'^mbuBtiim of thti pjwder must be sufficiently 
effected to bui^t thu shell — it would be seen how necessary it was to re- 
duce the times fur tliose procesaea to the amalleefc possible limit, 
H. tli.^ii nr. w.^.ic>d to doKiibe the sea^ervioe foae, wbioli be stated li& 
ri view to the attainment of ibeae okgect^ and which 
I . * piHar fuze/ Specimens of the fuae were exhibit^, 
and *c*;tL*ni ch it were showii by the drawings on the wall, 

Jt oonmiiite'i of an external cose sen? wed to Ht the sheUL and containing 
a Of^DtRil pillar^ which had a hole thnntgb itEIled with powder, and which 
wa* tipT»ed At the iipfier extrt'iinty with A detonating composition. This 
» '■ " t into a cuvity in the cover, a clearanoe being left of 

1' I uf an inch all found the detonator. 

II. tiiat if the iVilhu- were to move forwarda or to one 
tl I would ex|do<ltt, by strikin|j; in the oise case againet the 

ari li-r aiJprunMt the aide of the cavity. It was therefore 

san- to secure the piU nr in its central position, in order to 1^ per- 
factlj safe in transport and in handling. This was efiected by applying 
a leaden hyo\i, called tlie guard, which filled up the apaoe around the |nl- 
lar, and pns vented any Uieral movement. The hoop alao pasted iipon a 
eoUar in the pillar by means of a tiange, and abutted at the upper end 
'•gainst the cover, thus preventing any longitudinal movement. In fact, 
tititil the gu;ird were ilisbMlged, the pillar did out admit of any mtivement 
whatever This, theoi, would be the condition of the faas before the gua 
wiaa fired; and in that oondition [bm rt^presented in Fig. 1^^ it was capable 
of resisting any amount of accidental vicdence to which it could be ex* 
pciaetL But when it was fired from the gun, the motion communicated in 
the shell wia so sudden antl rapid, tlmt the mt mertitr of the guard 
oauaed (be ^aage to be stripped oif, and the guard to lie lodj,^! at the 
bi»ttjir.^ i.r th, fii/. fi, t i.rv^.'iited m Fig. 2. In this condition the pillar 
^^ 'f the gmurd, but it would ^tdl derive scp> 

I which was called the regulator* tjccause by 

n thickness of thit^ cup the sensibility of the 

i Jire*! degree. In deteirnining the strength 
' nuiike it of such a thickness that the pillar 
rion when the sliell struck upon water, but 
, •^- -'-* '*v e>, Supposing the shell to strike 
reuiost; in that case the velocity 
itit-'utum of the pilhu- would ctubq 



»hoal<l be r 
rint when it .w . 
tta object— a ?hi|' 



11 id bniig Uir diskmator iut»3 coutact with the top. Again, 

••I lit fjw Kfi«»ll bmd \jeea fired at a high angle, in which ease it 

V. ' r that in cotiscMjuenoe of grazing upm the 

\' -d^wsys, the mouientam of the pillar would 

I » ' vi'tn, an'l the Hp of tbr ■■ - 'v Ii rir\>jeeted 

ii r i^^mld be cut off', thereby i ; detonator 

v^ . The action ttbbamed by L -'-ment waa 
eitremely rspid, bocause th.^ amount of movement in the piihu" was very 

smnll. Al*«» l»r'_^'i«A the detonator was in immediate contact with tba 

)•' , tnd a BtrtHig jet<tf flame wai instantly shot 

f So rapid wiw tlie action, that in firing a 

1 ' ' 1 H inchta in thickness, the shells wero 

bi: 1 the timber, and the shattering effects 

pr^'lij' .... 

" Tlic only jxmit fn this description which might not bo quit'j inteUigible 
^i' all present, waa the nature of the fort>e by which the flange of tlie 
guiwrft was stripped otf on the firing of the gun' A few words of explo- 
^Wtioti would. ht»vv«v*^r, ttt;iV.? thnt ol»^r. Tftkinit, for in*»tnn^, a 100 lb. 
•Hiitll. fire<l fi luiutimuni 

*iii*si«re of : ' ms. Huh 

*n>*filimtt WuUiu IJ-. 1^'ni.uiiii^'H uijiL! ii.iui.ijii aicriu'^>t, iku inv. [uwiLiclce of the 



prqjeotile, so that each grain- weight wr^uld, at the instant of ^luijiiat 
pressure, have a force applied to it of about 3 lbs. Now th^ yfuard of the 
fuae, which weighed 3tKJ grains, fonned part of the project T -014, 

tlierefore, have a pressure of about 900 llw. applied to i , to 

move. But that wouki have let be traosuutted to it Uid^m- — 

of the flange which rested on the collar of the pillar, and w 
strong enough to bear a strain of 300 lbs. would break 'i 
applied, Th^ guard, therefore, would not move forward with the sbeil,, 
but would be left behind, until it was caught up by the bottom of the 
fuze-cojio. 

Pnxjeediiig to another branch of the subject— musrale-loadiug gitna — he 
fitatixt that hiii oonvietiou remained unihakpn, not only that biWMlt4otid* 
ing guns were superior to musde-loading guns, in the great ra%j«n^ o£ 
ca^oa — more eepeciallj for naval use — but tliat the applicatiuu td tha 

Fro. 1, 



>y-^: 



A, thu Pillar. 



PiLLAaFrsB— Conditioo befara firing the Q«a. 

», %ha DeU»iiiU>r. L', uie liasrd. Ij, tbeB«gal«l«r* 



breech loiul ing principle was mechanically practicable for guns of vtety- 
lori^e calibre. At the same time he woidd admit there were cases, aa in ^ 
ojjen forts, where the guns would necessarily be left in an exposed < 
dition, and couLl not have the care and att^^ntion of a garrison, and wheiv J 
any species of breech-hia'ling machiner}, ' '% would be ob»l 

jectionable. In all such cji^-s muzsde-lo. < tie prefeiaUe, ] 

and it was therefore profjable tliat they \\ :. ... , . ., to some extent^ 

re*] Hired. 

The first consiileration in a mumle-Liading gua was facility of 1oa£iur^ 
and to accomplish that it w^ Decensar)' that the gnagt? of tlie shoi ahoilUiL J 
be sufficiently low ti^ prevent it from sticking in going down the boMv J 
But, on the other hand, it wa« nece«sar>'. in order U* insure aocnracy ( ^ 
fire, tliat the Bh(»t should nt>t a*iniit of any lateral movement aa it in 
fn>m the gun; the question, therefore, was how to make the projectile gd"^ 
in easily, and come out tight." 

Sir William Armstrong proceedetl to givie a deacriptiofi «vf tlie 
mode in which this was acoompliahed iu his ^^ shunt gou;'* but wi9 
omit the detaiU, as it came out ia the diecussion that Mr. Whlt- 
worth had achieved the same result, with great ^ucceeff, four 
years prcvioualy. 

'* In order to avoid the necessity of lifting the vent- piece, which in 

large guns liecame inconveniently heavy, he had long lie^^T .•-.»-. ^^..-^.u,.^ 
to maJice it «\'nh out iidewayi*. The firat large gua be lift^i 
Btructe^l hi this manner; but the objectioa* which hotl ^i 
selves to that arrangement were first, tliat the es<M^ie *}f ga* t^i the t»revclt« 
wtu:h in the vertic^U arrangement was of no iint>orVwi£r?, be«.»am» 
a s^rioLiH luconvenience when it took place frt>m the sidt^; 
uoudly, tU- 1 in tbe event of the gun being fired before tbo 
was screwed up, the mischief would be much mor? ^riob 
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the openis^ wen At tbe top of the gun. He did not, at the tund, 
wm^ how the difficultiee codil be funnomit^ip but ho htid at len^ 
arrived %% & conatcvcttoa by widch the object oottU be •ooompikhod wiih- 
<mt the liftbilttiei deecrtbed. 

A fuU-iiaed model of Ow breech of a 100- pounder gan, constructed 
upon tlui! principle, w« exhibited; but before deecnliing it fae would ob> 
•erve that the problem to be eolred wa§, firetta oonsiructu brt*e<:h cloinD^ 
eppHraius whicli would work frmii the side, fd M ki obviate iht noce«fdty 
of lifting the pmrts; seoondly, to entirely prevent the eeoiipe of gas; A&d 
thiri%« tto to ftrrmige the iipparfttiu iHaI toe giin could not be fired until 
the proceae of clofiing the breech hud been perfected. The |rst *tep 
iowwfU the attainment of this object contiated in the application of a 
thin iron cap, to act upon the principle of a pump-leather in preventing 
the esottpe of gee from the bteech. Thii bed been applied to the anli- 
dinary l^.pounder gima, and was foond to anewer perfectly. Tlie Prus- 
eiaoe originalty adoptwfc^ » e w wibe ai' d eep4i^4^" '^"^'^ ...;.>. .>..,^ ^.ud for 
email aharipeR, «uch an tlwy u»*i that AuUtajsi well, but 

it would not bear fche h*;^vier ch»ri:»f« cnipltu i ry. Thin 

flbeet-inm, bowe¥er, anewetiid purfc-ctly iur lim aup^ And they coold bo 
m»iie at A small cort. 

I ri the ordinary construction 
which reoeiTe(i the vent- 
i;-.w,t.;..ri »i...^.^^ in the 

utainud a 

I tliia ca«e 

nt wan in the gtiii and not in the shipper. 

If, slight ]y wtvigtsghaped at the back* and 

iKer airangement. Whettj 

Hion the mere presiiure of 

uj -u t»f ,t ^K'Vi-^v was requisite to render the 

aotly clo»e; buil*Where the prevention of 

ii»i ii I V I J roeBsarv to ei v<^ m 1 1 i i « >rt t<i the 

' 1 itg'block 

^' hamOf, Wu '.-rcoming 

Fie. % 



He then prooeeded to <1 
of the AniiB^eiDg gui!, 
piece, Wfte cut Ikfm0 t' 
model il pMtt)d thMMi# 

stopper, ooiT«»pondln?ii 
called a »topper, b+ 
It alao cnnt&tnml f* 

%h 

■e»c ' 

t;top^>er — 4Ui<i 
wae fitted witJ 



^ It ' 
^crew wa«< 




PfLX^a F»aa-^Co(titUtlon ilurUig ilifht. 

the friction of the block against tlie st^ipiKT. By fint ueing the handle 
aa a hammer, and tfjen applying a gentle prwsimre, the block was thrust 
back against a it^ip, which pn:vrTit**d tN goinj,' t<5n for. The Bt<.>pper was 
then drj^y ■ ,,,. breech was opened, and the 

shot anu f 1^ inftert4.HL The iron cup wa« 

^appii' ,^ ,, gti,pper, imil by meami of a 

' "P^'" ^"* ' d a fixture by g:iving it a pur- 



^u^. ,».„ uiruft mto tli^ bart*/aity wluJi tU f-wsj of the stopper 



entered about half an meh. It then only remained to draw npthe block, 
and the procew of doflng the bfeech was completed. 

It would be observed that tbo stopper^ in coming out, wae guided loto 
a convenient position for affijcing the oup by mcani of two grooves, one 
on either side of the chAmber» and that in going in these grv^xivea pto* 
vented any devious or vibratory movemente in the stopper, which wool* I 
have th^ ^' " ' ^ rin^nK the cup i ' * ' * * ' *^- "jn, 

and thor» i its edge. But i «"" 

that when ...- . ^ ,j!.r had reached u ^ ..„ ,, .., ;„ - i-, . ''** 
not ^ then, it became susceptible of the movement neceesary for enter- 




a, tha Slide; b. tht^ Vln*, c, llie dMoilMa- cmiUUiLof tko Block: d, thi) Ber«: t, tka Vtnt. 
ing the ctip. It would ahio be perceived that the stopper, in coming out, 
wae arreeted at the proper place, so that it could not tumble nut. But 
although it conld not come out accidentidly, it could he a ut 

designedly, by gliding tt into a 9ott of siding ninning out • ; > e. 

The a] J' ' fproveniiiig the gun from being Brad before the breevh 

wa« prrrp. wofii then described . 

On the t.ip oi Mjfj gun thijpe waa a UtUo slide which worked to and ff*> 
over the vent-hole, and which partieipated in the motion of the liloek lo 
aa to cover the vent-hole when the blook was thrust back, and to tmoover 
it when tlie block returoeii to the peettion at whinh the gun might bo ficed 
with safety. 

The apparatus by which this was effieoted woe very aim pie. lb merely 
consiated of a little elide and of a etnaag piu oommunjcatin^ with this 
bl4>ok through a hole, which was contrat'U;*! ' ^ t Afn{ 

above and IkIow, as shown in Fig. 3. Tli r in 

to vibnte on its centr^' ''^^ i>werextreiii;v, .. .-.v ,,... ,.. ^ , ^ . ^loa 
groove in the blook, %'e had a curve upon it to give the fif- 

quired m<ivement thr. run to the slide. The slide wae e*»vered 

by a hood, shown in tW muditl, but for the sake oC disttnetneas not m^ 
eat^ in Fig. 3, 

A lOO-piJunder gun ' ' | iHncaplo wis now eompleted, awl wrmld be 

txied almuat uutnA^li:' Ued the gteatest^nnidaillB fas He mvmm^ 

aa the details had be- ut with great akni nd ^cm» by hie ahio 

frioud, Mr. George li [aalu^png parajcrof the Gun Departmont 

uf the ElswiekOrdiiM ks.*' 

Aeconiiiig to Mr. Aston, there are some points very much m 
commou between aome of the corUrivnuces above UesoriWd und 
tb*^e which have been long used by Mr, Wljllworth, J£r, Aston 
obaerved that — 

'^ There wm anoti r havie heeo heard frc^ni Sir 



William Annitntng 

the mu^uJ«; loadijw piiiicipl*^, m *iut 

must ttltiiuAteiy W ciihipt^^l, Tht^ 

wiUi a va^t an: 

great difficidt\ 

ainipl''--*^' '■•' V 

wa^ 

cort.;»i ' 

reourr«xl tg. WiUfci^'tgjif^ Ujtin 

and advocat&'l by K|r WiiliiMi 

that ill li^viiiral i ! 

—nay, huw Uiti 

uf iiiNjovi^ry, ^\. 

yet tM^vurtluill^- 

sburit iiiLia \ii< 



huv_ 
wi*« 

worl 



gmi, entered witli a«i 



Tbnt WD 5 h rc'oognituiii of 
iix2um*LaneoSt 
I le did away 
liieh ontaikil 
rki^Qtneiii, Id 

t>..*.f..»* it 

u-f 
im 



1 ihat wlurii 
fir. *^ir \\ 



braced within i 

TiniU'clilij u? i' 



I 



, .-h 

had been thure four oi' tuun: juaiia, ihjX pruiuplt; Aa^t luu&t ^ucccNjully 
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c«Bwaoi». H«aIIuii)ddtotliebn«fidd-giuurifledli7Mr. Whitworth 
for zht! ^.werameQe. Ami cned at Slioebairnen somD jetn ago. He did 
HOC tur A !u^»Bieiu wuh 6i> «*t xhM'i Sir William Aimftrong had been 
^pulcv ..>f (na^iacwm. bat is wm «viieot that the same principle had been 
aai4*teu, wbietbifr kaowin^ or otherwise, by two minds. To what 
tfXteuc it hjfci b«Ma wurked out in a similar, or diwrimilar manner, he must 
Uf4ivv w '^iki -.*piau*Q of thMe who were {aimliar wifch both the systems, 
aibi iv>ui?CMw» thiey would fc«rm their own jadginent. A contrivance had 
a!A» Avtt uivntk'Otfti. by which the escape of tSie gas was prevented; it 
w«i» l>.M(Ni u(Kio thie principle of employing a thin iron or tin case, which 
«.kc^ uiATtt>i in the bnwch end of the gun. Now this bore a very close 
r^>ieiubiU:tc«» ti.* tb^ metalho cartridge which had been so long used by 
Mr. WV^wvvth. and had proved so efficient in his breech-loading guns. 
A^^^ftui. with N^aiU to the closing of the vent by means of the sliding 
)::uwu. whU*!! had been explained to the meeting, many gentlemen 
|«i^Mifas hjikl w«n a rifled breech-loading cannon, wherein a similar slide 
c\viiKvu\i with a forewed breech^eap was employed; it was used to cover 
thi^ vvt)*. when the niece was not ready to be fired, and itwae withdrawn 
i>i4T at tht' time when the breech piece was ''home," and the gun might 
U,' aaMy duftoharged. 

Mr. Asti>n alluded to these matters, to show how, in these three 
iiutauixv. tw*o minds appeared to have travelled one after the other in 
thi' Muue groove, with the desire of effecting similar objects." 

The question of priority as between one inventor And another is 
however of very small consideration in comparison with the ques- 
tion. What is the best system of ordnancse, and how is the country 
tabe assured that the best has been or will be adopted ? On this 
}¥>uil we quote a portion of the President's concluding speech. 

** The members w«re tSl interested in the explanation afforded by Sir 
William Armstrong relative to the progress of his guns ; and the manly 
ftfeKnfr which diotiUed the tiiroWing aside of all secrecy, demanded tlw 
admiratun of aU who heard hioL It was most satisfactory to hear his 
iniligiiAnt disclaimer, that he had any part in preventing the trials that 
wmv to have taken plaoe relative to the reaults of his mode of rifling as 
compaiud with that adopted by Mr. Whitworth. No doubt Sir WilUam 
felt assured, that a fair trial would satisfy the public «i to all the im- 
|m)vement8 he hacl introduced, which h)d the elements of success in 
themrtelves ; and If any competitive trials had shown that anything 
better could be done, no man would have received the verdict moie 
willingly than Sir William AriDOBtroug himself. 

Sir William had expressed an entire want of confidence in homogeneous 
iron. The President could not concur in that view ; he did not think 
tliat at present they would be Justified in saying that homogeneous iron 
had ever yet had a fair trial and had been found wanting. He had re- 
ceived a letter from Mr. Kriipp, of Essen, accompaniedby a communi- 
cation firom Ckilonol Petiet, of the Artillery Commission of France, stating 
as the results of his experience with 12-pounder guns constructed of 
homogeneous iron, that they had been completely successful. Mr. 
Krlip]) stated that in Prussia they had made guns of 8- inches bore, which 
liod suocessfully resiiited all the proofis to which they had been submitted. 
There could be no doubt that in this country there had been some dis- 
appointment attending the manufacture of guns of larve calibre, of 
homogeneous iron. This, however, might be fairly attributed to the 
mode 6f manufacture. Hie machinery fir woridnc uie iron in the large 
masses necessary for guns was not suitable for tiie purpose; and until 
hammers of 30 or 40 tons were applied it would not be fair to pronounce 
the eimdemnation of homogeneous iron as a material for artillery; indeed, 
they wer^ not justified in rejecting homogeneous iron for guns until the 
same experience had been gained and the same attention had been 
bestowed upon that metal, as had been given, under Sir WUliam Arm- 
strong's superintendenoe, to his own peculiar mode of construction. 

Sir William Armstrong had explained very lucidly the mode of opera- 
tion of the shunt gun, and exprened his conviction of the adaptability of 
projectiles with a soft metal coating to guns of large calibre, and that 
they were even superior to the hard tool-prepared projectiles. That was 
dtfadfo the question of the comparative merits of the syiltems of rifling 
adopted by Sir William Armstrong and by Mr. Whitworth, and upon 
which it had been hoped that the trials which were proposed last year 
would have afforded oondusive evidence. The President was bound to 
say that his own conviction was in favour of the hard tool-prepared 
projectile, and for. these reasons z — He had seen a great many experi- 
ments with Whitworth guns, he had examined ear^nlly the results of 
numerouit trials, and he had received within the last few days the results 
of some comparative experiments made with Armstrong and with Whit- 
worth 12-pounder guns at Shoeburyness, Itiy the Ordnance Select Com- 
mittee. ^ Those results were highly interesting, and th^ pomted to 
suggestions of great importance in the science of artilleiy. T\xe document 
was a private report issued by the Select Committee, and he had ob- 
tained a copy of it from Mr. Whitworth. 

Sir William Armstrong observed that it had never come tmder his 
notaee in any form whatever. 

The Preeident believed that it had been kept vwy quiet He had seen 
the original report, knd, in fact, had ordered a facsimile of it to be 
printed for insertixm in the minutes. He hoped this meeting would not 



suppose that he was making statements which could not be substan- 
tiated. This circumstance mduoed him to remark that it was the duty 
of any committee appointed by say government department, not only to 
investigate most carefully a subject of this importance, but to record, all 
their proceedings, and uie results they arrived at^ and to publish them 
with authority, in order to satisfy the country. There was not any 
mystery or cralt in the sdence of artillery, and the results of Uv^ innu- 
^ merable trials that had taken place ouffht to be made public. What had 
* Sir William Armstrong himself stated in the course of this discussion ? 
He said, that up to this moment the law of retardation with reference to 
projectiles had not been ascertained, whilst with the experiments of the 
last twelve months the facts might have been observed, uid the law oould 
have been determined with the greatest nicety. 

Sir William Armstrong said there was a separate law for different 
descriptions of projectilae. 

The President replied that there were separate results, but there 
could only bs one law for all projectiles; therefore, in the opera- 
tion of rifling two things had to be attained— in the first place, the 
highest rate of initial velocity; and in the second place, the projec^e 
should be exposed to as little retardation as possible from the atmo- 
sphere. It would appear, from information supplied by Sir William 
Armstrong, that the initial velocity of the projectile with the same charge 
of powder was nearly the same in the Armstrong as in the Whitwor^ 
gun; but the retardation of the Whitworth proj^(dle was less than that 
used by Sir William Armstrong. 

The Report of the Ordnance Select Committee (annexed) would illus- 
trate the President's views. Hie practice in each case was certainly 
beautiful, and it demonstrated a most material point. If the initial 
velocity was the same— and from thefscts supplied it would appear to be so 
— still from some circumstances, probably from the form of the Whitworth 
projectile, it was exposed to a less suunmt of retardation. The law, as 
far as he had ascertained, would seem to be that an allowance must be 
made of 1 per cent, loss of velocity for every 100 yards traversed. He 
found from the result of the experiments at Southport last year, that with 
a 12-pounder gun at 35 degrees of elevation, the ball was thrown to a 
distance of about 10,000 yuds, and the time of flight was 404 seconds — 
the longest period upon record. The importance, then, of this law of 
retardation could hardly be sufficiently appreciated. 

Mr. Longridge was of opinion that the experiments should be con- 
tinued until the means were attained of projecting the rifle bullet vrith 
the same velocity as a 68-pounder shot from a sm<xith-bore gun. There 
were, however, reasons why that could hardly be accomplished; either 
the gun must be of a length whidi would render it unmanageable, or it 
could not consume the charge of powder. The velocity of a (SS-pmrnder 
shot was stated to be 1700 feet per second, whilst the experiments with 
the Armstrong gun showed that the initial velocity of the shot was about 
1200 feet per second. 

It must be borne in mind that the ordinary 68-pounder shot^ instead of 
losing only 1 per cent, of velocity in every 100 yards, lost 6 per oent.^ 
whilst after travelling 800 yafds, the velocity of the rifled projectile ex- 
ceeded that of the ordinanr 68-pounder; and, in point of fact, tihie penetra- 
tion of the rifled projectile at a range of four miles was more than that 
of the ordinary 68*pounder at one nule. This showed the influence of 
the force of retardation, and the importance of reducing it in projectiles to 
the lowest possiMe amount. " 

On examining the table referred to by the President, we find 
the object of the experiments is thns spedfied:^ — ** To aBcertain 
ranee and deflection.** A jzlance at the two oolnmns headed 
"Mean observed deflection, ^ves strong presumption as to the 
superior lateral accuracy of tne Whitworth gun; but for more 
exact comparison we put side by side the deflections in each case 
as referrea to the mean direction. 



Chu^ 


Elevation. 


AnnstroDg 
deflectioii. 


WUtir<nib 
defleeUon. 


1-50 
1-75 


Degrees. 
2 


Yards. 

1-0^ 
1-48 


Ysfda. 

0-75 

108 


1-50 
1-75 


5 


1-48 
0-80 


1-72 
0-64 


1-50 
1-75 


10 
If 


2-14 
617 


0-86 
2-92 



On comparing the above figures it will be seen that the greater 
lateral accuracy of the Whitworth as compared with tbe Arm- 
strong gun becomes moet conspicuous at tne 10^ elevatioD, f.e. at 
the longest range. 

It is equally evident that the Whitworth ^n is faeiie frincepB 
as regards range. At the furthest rasffes it distances ita xii^ 
by 490 yards, or more than a quarter of a mile. 
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elusion aDuoUDced by Col. Lefrov. Soxue curiosity may exist as 
to the mode io which a result 'so original has been arrived at 
by the Ordnaaoe Select Committee. The method, in a word, in 
this. A horizontal rectangle is computed of suoh length and 
width that (according to the tubulated record of the experiments 
it is as likely as not that a shot would fall within it. The area 
of this rectangle is taken as the measure of the inaccuracy of 
the eun. This may be well enough when the two guns are 
equally well managed. In the preaeutcase, the practice with 
the Armstrong gun was steady and good as to range; Uiat of 
the Wliitworth guu so wild as to be quite unreliable for data. 
The rectangles found witli so much mathematical exactitude are 
therefore simply delusive. Their only use is to cast a cloud of 
figures over a very simple question of finots, and confound the 
marvellous lateral accni-acy of the Whitworth gun with the 
random results of bad handling as regards range. After this, 
few will be surprised that Mr. Whitworth asks to have his 
guns worked by his own men. 

The paper of Mr. Bidder, jun., and the discussion to which it 
gave rise, dealt with the National Defences in the broadest sense: 
we have confined our view to one point,-~-aii all-importantr one, 
which it is time were settled. We are glad that a oody so com- 
petent to deal with the subject^ and of such hi^b standing in the 
scientific and practical world, have directed their attention to the 
matter, and we hope that they will continue to watch it and nmke 
their voice heard upon it, until the much-vexed question is set 
at rest. Whatever dLsarmaments mav be nu>oted under the 
pressure of financial difficulties by neighbouring powers, the day 
is distant when £ugland can be careless as to ner defences, or 
indifferent as to the excellence of her artillery. Let there be the 
impartial, public, and conclusive competitive trial of which 
both inventors profess to be so desirous, and let the best gun be 
adopted. 



ARCHITECTURAL STUDY AND ARCHITECTURAL 

PROGRESS. 

Address to the Architectural Associntion, — Session 1861-2. 

By A. W. Blomfield, President. 

The Opening Meeting and Conversazione of the Architectural 
Asspci<ation for the new SesHiou were held at the Architectural 
Union Company's prenuses in Conduit-street, on the 2oth Octo- 
ber. The President, Mr. W. Blomfield, delivered the address, 
from which we make some extracts. He said-— 

After numerous perils and vicissitudes, the Architectural As- 
sociation is now about to enter tlie sixteenth year of its existence, 
and we may fairly hope that it will prove to liave outgrown most 
of those youthful disoi\lers which liave more than once (with the as- 
sistance, pcrha])s, of friends and doctors), brought it very nearly to 
a premature end. It will be our own iivult if it does not continue 
year by year to enlarge its s])here of usefulness, and to satisfy 
more fully a want which, I have no hesitation in saying, would 
even ;uow be keenly felt by a considerable circle in the event ot 
its dissolution. 

We have heard an encouraging report of the proceedings of 
List session, and I necil scarcely remind you that in the year bo- 
foi-e us we shall have rich op]>ortunities of observation and study 
in the forthcoming Great Exhibition, which cannot fail (if we use 
our time properly) to produce a good effect in developing what I 
appreh(!ud to be the great end ami object of this association, viz., 
'' Mutual assistance and improvement in prosecuting the study 
of n^'chitecture as an art.^ 1 lay this stress on the word art, b^ 
Guise I feci that into some of our discussions too much of what I 
may cfll the busiuess element finds its way, to the no small de- 
triniunt of that artistic progi'ess which ought, I think, more 
exclusiyoly to occupy our attention as students. I must not, of 
cour;^, pe understood by this to undervalue the l^isiness element 
in its proper place, nor to deny in any way its indispensable 
necessity' to cvtsry architect in practice. But as a body we are 
not in practice, and whether in practice or not we ai*a still young, 
and tlie majority of us at least have that time now to devote to 
artistic selt-improvemeut which each successive year will render 
it luqre dillicult to find. It seems to me that in an association 
-'^ "^is kind, composed of students (for we are all students, 
r the most part, young students), more real practical 
r'ould be done by the members uniting as one man 
ig to uiiderstaud Uioroughly, and help forward honestly, 



the development of true prindpleB of art» than in discus- 
sing questions which might well be lefi to those whose opinions 
when published are ukely to carry weight and authority. 
The nearer, in fact, we approach the character of a juvenile de- 
bating society, in which the most difficult political questions of 
the day are gravely discussed and decided by an assembly of 
beardless youUis, the further shall we be from reacltiug any use- 
ful result. Banded together and firmly united in a common 
honest purpose, as art students determined to carry out true 
principles at any coat, we may and must woi'k out great and last- 
ing effects on the progress of architecture. This, to my mind, la 
our proper province, and as it is a point that has perhaps been 
rather lost sight of in the last few years, I purpose this evening 
to address myself more directly than is usual on these oocsaions 
to tlie mombiers of this body. 

During the past session a very great deal luis been said, and I 
believe something has been doue^ towards the settlement of that 
long-mooted question, the establishment of an architectural ex- 
amination. The subject has naturally excited much interest 
amongst ourselves, more especially as I believe it was by the 
association that such a proposal was first Btai*ted« Many — ^I be- 
lieve I may say a large mcjority — confidently foretell that such 
an examination, when fairly set going, will have the effect of 
raising the standard of the profession, and of excluding ignorant 
and inoompetent persons from practising as architects. This re- 
sult is, no doubt, much to be desired; but as I have already pub- 
licly expressed my opinion, with the reasons for that opinion, aud 
found myself in a small minority, I will not enter on the subject 
now. I cannot help noticing, however, that in the ooui-se of Uie 
various discussions whicli I have read and heard, several theories 
have been alluded to as acknowledged truths, which have struck 
me with extreme surprise. For instance, I have heard it casually 
stated, as a matter of course, at one of these discussions, " that a 
young architect should study every style, in order to be I'sady to 
meet the possible wishes of his client." Now, of course, in pro- 
nouncing this theory to be simply monstrous, I have no wish to 
set a limit (especially in this direction) to the study of all that is 
great and good in art of every period and every clime; but the 
idea of attempting to carry out the theory of practising eveiy 
known style, to me, I must confess, suggests nothing so vividly 
as the conjuror's inexhaustible bottle, which is always ready with 
a modicum (and that sufficiently bad, be it i-emembered) of any 
liquor that may be asked for. The counter theory is that a maa 
must be full of one style, just as a bottle must be full of one wine 
to give it really good. 

The rapid aud apparently perfectly natural and easy change froui 
one style to another of totally op]x>»ite principles will to some 
mindss mack more of the dexterity of the charlatan than of the 
sober earnestness of purpose of the true artist. But we are told 
that " we ought to be ready to meet the wishes of our client— to 
bow to his choice of style. Our client, on the contrary, if we 
wevQ miited in pur]x>se, as we ought to be, or, in oUier words, if 
ours were an age of true art, should have absolutely no ohoioe as 
to style. A patient does not tell his physician what medicine to 
give him — he tells his symptoms, and the doctor prescribes; so 
your client should tell you his requirements, the money at his 
disposal, and so forth, and these you should scrupulously attend 
to; but have no self-doctoring on his part, no inteiferenoe in your 
especial province: here the artist should reign supreme. 

It may well be doubted whether architects, as a classy lio not 
tell their clients, the public, too mucli about the names and out- 
ward characteristics of various styles in an easy, smattering man- 
ner, which leads ihem to believe that they not only may, but are 
invited to choose for themselves, as the caprice or fancy of the 
moment may dictate. It is ten to one tliat when we hear an old 
gentleman in public or private discussing the I'olative merits of 
(.■lassie and Gothic (a subject of which he is most likely pi-o- 
foundly ignorant, and for which he really cares not a straw), be is 
making use of hackneyed terms aud threadbare descriptions 
which we architects have put into his hands, and which he dings 
about as intelligently and usefully as a boy throwing stones in the 
street. No doubt, one of the most formidable difficulties a young 
architect can have to encounter in commencing his career is to 
make people (particularly friends who only think about his 
'^ getting on") understand clearly that he has such a thing as 
principle, which prevents him from attempting to nraotise a 
variety of styles; and t^e sooner he faces this difficulty boldly 
and grapples with it^ the better for the public and the better for 
him. Jiet him, by all msansi study good art of every deficrtption. 
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would vault orer hifl space, the plans or horizontal sections of the 
<tidVr«nt stages followed with unvarjring certainty; so much ao^ 
indeed, that an inspection of any one of these plans would enable 
a luan versed in the subject to trace the vault tolerably oor- 
rei'tly without seeing it Now, of all the young architects of our 
day who would complacently undertake the erection of a church 
in '* the Gothic taste," how many do you suppose could do this 1 
We will not inouire too curiously, but I believe if it were known, 
I should l^ helot excused for insisting thus on what appears to be 
a self-evident truth. 

That the present position of our profession is not as high as it 
ou^ht io be, is painfully evident from the unmerited slight which 
haA duriug this ^ear been passed upon it. As we all know, the 
monster which is now rapidly developing its vast anatomy at 
Urompton was hatched as it were by magic, without the decency 
of even a nominal architectural incubation. The defence of the 
course pursued which has been attempted by some of the daily 
papers, viz., that architects had forfeited all claim to consideration 
by not having produced the successful design for the Exhibition 
building of 1851, is transparent and futile in the extreme. That 
building was temporary, and there was a competition in which 
numerous designs were received for it Much of this building is to 
l>e permanent, and there has been no competition: none the less 
surely on that account, however, will it shed lasting credit or 
lasting disgrace (as the case may be) on the architectural taste of 
the country, and so on the architects. It would perhaps be pre- 
mature at the present time to offer any criticisms on the build- 
ing, more especially as, from the latest published views, it is 
evident that some embellishing hand has been touching up many 
f >f the details since the first perspective burst up(»n the astonished 
world in all its breadth and Ixildness. The confectioner Has 
already begun to decorate the cake. If criticism, however, holds 
her tongue and bides her time, predictions of the most laudatory 
character are not wanting. When we are told, for instance, that 
" the enti-ance to the principal picture-gallery in Cromwell-road 
will be through three noble recessed arcades," that " they are 
each 20 feet wide and 50 feet high, and will look as imposing in 
their quantities as the principal fii^ade of St John Lateran, at 
Home, and other Benaissanoe porticos of Italy,*' the mind is awe- 
struck at once, and we begin to get up our enthusiasm; but the 
eii'ect of this high-flown language is rather impaired, perhaps, 
when we read of another portion of the building — ** How this 
part may be best decorated time will show ;**— time thus taking 
the place of " the architect" quite naturally. After bathos such 
as this, we cannot do better than take; refuge in the number of 
girders, shoes, bolts, &c., which will be used; the quantity of 
])utty; bow far the iron columns would reach if placed end to end, 
and details of this kind which are given in endless variety, and 
are believed, I suppose, to convey some definite notion of the size 
of the building to the vulgar mind. But, after all, when finished 
and in operation, it will not be the beauty or ugliness of the 
building which we shall care for; we shall not be looking at the 
casket, but the gems which it contains. So let it pass; if it 
answers its purposes of light, accommodation, and so forth, it will 
do more than many another building of higher pi-etentions, and 
we must not grumble. We shall have plenty to do in the various 
departments connected with our art, and more particularly in 
comparing the architectural progress of other nations with that 
of our own. It may fairly be presumed that with the compara- 
tively speaking small space at their disposal, the Architectural 
(vommittee will reject all but works of real interest and impor- 
tance, so that every drawing will be worthy of attentive examlna« 
i.ion. 

It is truly refreshing to turn from all this bustle of preparation 
and excitement to the quiet contemplation of a most remarkable 
aud beautiful building which has been completed within the last 
year. Time warns me that, instead of reviewing the architecture 
of the year, I must confine myself to the notice of this one build- 
ing; but I feel no scruple in mentioning the church of St. James- 
the-Less, in Garden-street, alone, as in many respects it stands 
pre-eminent amongst modem churches, and, moreover, it exactly 
illustrates the principles to which I have so briefly and imper- 
fectly alluded to-night It would be an impertinence on my part 
to offer any criticism, or to speak in any ordinary terms of 
admiration, of this church. Therefore, I can only say to all lovers 
of Christian art — Go and judge for yourselves: you will there 
rind real originality — that originality most to be desired — the 
dt of a man having all his life continued diligently to collect 
erials for the exercise of his genius. You will find all in 



harmony, for each part, and eveiy detail has been thought over 
and worked out with a loving hand and an artisfs eye. The 
whole of the building and its decorations (with, perhaps, one 
exception), bears the impress of one powerful mind. Ifou see at 
a glance that the building was not, as is too often the case, 
planned so as to be carried out with least bother and trouble to 
the architect, and then handed over to the tender mercies of the 
ecclesiastical decorator and upholsterer, to make the best the^ 
could of the frigid carcase, but the design of the smallest detail 
forms an essential part of Uie whole. I will say no more than to 
recommend the eager student to go there to admire and learn, 
and the lukewarm to have his wavering &nciee fixed, his enthu- 
siasm stirred, and his energies braced to the work before him. 
Such a work as this places the fact beyond anv dispute that real 
progress has been made in architecture in the last few years. 



BEVIEWS. 

The Channel Railway y connectingEngland and France, By Jaxes 

Chalmers. London: £. and F. N. Spon, 1861. 

The plans of Matthieu, De Gamond, Wylson, De La Haye, 

and others, for connecting the railways of England and France, 

have prepared the public mind to consider the matter coolly and 

Fia. 1. 




1-I«ih inch to foot. 

patiently, if they have effected no other object The work before 
us details the plans of Mr. James Chalmers for connecting the 
railways of Euffland and the Continent of Europe by a submerged 
tube running from the coast of England, about a mile east of 

Fw. 2. 




U inch to foot. 

Dover, to the coast of France, about seven miles west of ObJais. 
We have more faith in the practicability of Mr. Chalmers^ geneni 
scheme, as well as in- his oontrivanoes for operatiog ondArwatM^ 
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ftlso lupported by the T-iron, DD, and the oeOing Km Bimilar supports 
on its np^ suilftce. The niates are caloolated at 36 inches wide, 
lapping S inches, and two oirQleB of T-iron are calculated for each plate; 
but I propose using three for deep-water tubes, two for medium, and one 
only for those in shallow water near shore. Thus, with three ribs of 
6-inch T-iron to each pU^te, the space between the top tables, or part of 
the T-iron rivetted to the plates, will oafy be 6 inches, or 11 indies iram 
centre to centre of the ribs, the T-iron and laps exactly equalling In ex- 
tent the interior surface of the tube, thus, as it were, doubling its thidc- 
ness, and by the form adopted, Inore than trebUnf^ its stre^^. The 
interior supports just described — the partition, girders, and ceiling — 
sustaining tiie tube at six ppi;iis of its circumference, and the exterior 
support it will receive at ten points of its length from the sides of the iron 
boxes attached to and sturounding it, will render it the strongest and 
most economical tube that can be made to resist the combined forces of 
compression and lateral strain." 

Mr. Chalmers' estimate of cost is £12,000,000, and three years, 
he thinks, would suffice to complete the work. He gives full de- 
tails, and the data on which he bases his estimate. If his estimate 
is well founded, the undertaking would be a source of direct 
profit; and the connection of the English and Continental rail- 
way systems would be a great benefit to the communities on both 
sides of the Channel 



71u HUtmry of St. Mar^9 Abbey, Meirosi, S^, By Jab. A. Wade. 
Edinburgh : T. Jack. London : Hamilton, Adams, & Co. 

This is a work which the present revived taste for archseologi- 
cal study and illustration has contributed to call forth. Its 
object, as its title imports, is to give a history of the Abbey of 
St Mary — ^the Monastery of Old Melrose— and the town and 
parish of Melrose. 

As respects the latter, which commences the volume, and forms 
the first chapter, it is stated to be a reprint of a treatise pub- 
lished in 1743, and written by the Kev. Adam Milne, officiating 
minister at Melrose from 1711 to 1747. 

This description of the parish is Ml of topographical and other 
information on the subiect, and forms a proper and satis&ctory 
prelude to the succeeding chapters, whicn comprise respectively 
the history of the old and the later monastic foundations, the 
present state of the remains, some observations on monastic life, 
with a biography of the abbots of Melrose, and a general account 
of the most interesting sites and objects in the lo^lity. 

The history of the old monastery and the observations on 
the monks of Melrose are comprised in the 2nd and 3rd chapters. 
The architectural description of the ruins, with the tombs, &c, is 
given in the 7th, 11th, and 12th (the intermediate ones being de- 
voted to an historical summary of the town and abbey generally, 
and the biography), and the 13th or concluding chapter to the 
local particulars. 

The history contains all the facts connected with the original 
and later establishments, and with the vicissitudes of the same 
from the earliest period to the time of the suppression; and the 
observations on monasticism and monkish inner life are in- 
teresting. 

The architectural descriptions appear to be very diffuse, but 
would have been better for professional revision; they are 
clearly the descriptions of an amateur, and are not always, archi- 
tecturally speaking, correct. At page 174 it is said, " the roof of 
the high altar is uncommonly beautiful." The roof meant is 
apparently that of the eastern termination of the church, and as 
such would have been more correctly referred to as over the high 
altar. At page 175 we have the following— " Within the waUs 
of the chancel are /on^f/br holy rites, and recesses for containing 
the vessels of the sacristy.'* These are, doubtless, the piscinas 
and aumbries usually found adjoining the sites of old iJtars. In 
the same page we have reference to a circular or rose window, as 
resembling a crown of thorns, which it is certainly necessary, after 
the old Greek fashion, to mention, since no likeness is to be dis- 
covered in the illustration of it given at page 176. 

The following modes of description at page 178 are particu- 
larly to be objected acainst as contrary to correct architectural ex- 
pression. " The north aisle is conspicuous for the neatness of its 
pointed roof, &c.f ** their capitals, representing leaves of plants 
and flowers, are all classically chiselled." What is the neatness of 
a Gothic pointed roof? and how can Medieval foliage be said to 
be classically wrought? At page 181, again, what w^ false Gothic 
arches, and what are wreaths of flowers springms; from pilasters, 
(in a Gothic arcade !) at the sides of the arches f Do not these 
wreaths represent the usual decorated croduttingi and thejHAwterf^ 



buttresses? Such they would undoubtedly appear to do bj the 
illustration showing the east wall and angle of the cloister. 

Speaking of the view of the ruins from the roof, there is ano- 
ther curious expression at page 183. It is there said, *' Ascend 
the stair, which winds like a snaH cap^ and look," &c. Surely 
this would have been more intelligible had the usual term of vice 
or newel stair been employed. Again, at page 185, we have the 
following, to say the least, strange kind of description: — *' The 
mark of the chisel on the best carved stones is sharp, light, and 
wonderfully accurate in touch and tone. The stones He disposed 
in the building as they chiefly lie in the bed of the quarry — 
they rest on the horizontal line, and are conse(]^uently only 
compressed thereon." " The grooves are all exquisite, and the 
jointure of parts dean and faiutless." This cannot be properly 
called architectural description. What is to be understood by 
the tone of the chisel mark ? And whv not say, in reference to 
the disposition of the stones, in worcfs much less roundabout, 
that the stones are laid according to their natural course or bed 
in the quarry, which in all good old work is the usual way; as for 
the ** exquisite grooves," this is quite unintelligible. Of a parallel 
kind are the words used at page 188 : here it is said, "the mouldings 
are sharps the pillars elastic (elastic pillars !) light, and ^ceful, 
ihe perpendicuiars (what are they?) slender and harmonious, the 
carvincs elaborately correct and classically (classically again !) 
severe." Mr. Wade appears to have a particular liking for classic 
reference. He says, in the same page, " The light tonch of the 
Greek artist is prominently conspicuous in the east end; the mas- 
sive Roman and the coarse Gothic are everywhere subdued.'' 
Further on we have the following strange phraseology — " Look 
at the foliage and plant work — curvilinear aemsP Throughout 
this portion of the work there is much of this sort of language 
which it would have been far better should have been omitted, 
since, not clothed in proper architectural and natural dress, 
seeking to reach the sublime, it in many cases descends to the 
realisation of the old proverb. 

The historical summary and biography contained in chapter 6 
is at once concise and valuable. The description of the 
ruins, however, forming chapter 11, is open in many parts 
to the same objections as those referred to in connection with 
the other architectural notices; there are also some repeti- 
tions of the former incorrect wording. At page 297 we are 
again, and in the same words, referred to the neatness of the 
pointed roof of the narrow north aisle, — and to Uie capitals 
of the pillars, the ornamentation of which is here, however, more 
correctly stated to be tastefully chiselled. At page 310 we 
have the most extraordinary announcement, that " even every 
pillar in the interior of the cnurch shot up through the roof into 
a pinnacle, adorned with niches," &c.; how this novelty was etfected 
Mr, Wade does not particularly say, nor does his restored view 
of the abbey church show it. What is probably meant is that all 
the buttresses externally terminated in niches and pinnacles. 

There is also an incorrectness in the description of the east end 
of the church; "the choir, or chancel," it is said at pace 306, 
" is built in the form of half a Greek cross, the east end of it, 
which was probably a chapel of the Vir^n Maiy, being only half 
the breadth of the part next the transept" This is not properly 
stated, — the church, judging from the plan given, was e\idently 
in the more usual form of a Latin cross. In a previous part 
of the work it is stated to be in the form of a St. John's cross ; 
though in what this difiers from the former is not mentioned, — 
comprising nave, choir, transepts, with eastern aisles, and two 
projecting chapels therefrom in connection with and projected upon 
the eastern portion of the choir, which might possibly have been 
appropriated, considered as a sub-arrangement, as the chapel of 
the Virgin. The ancient choir, it is probable, extended far beyond 
what present use seems by the plan to confine it to, and as part 
of this extended and original length, it is very wrong to describe 
the eastern end as half a Greek cross. It is an associated and 
connected part of the whole plan. 

Divested of this kind of inaccuracy of diction, &c., and setting 
aside such exploded notions as that I. H. S. ^see page 309) indi- 
cate Jesus Hominum Salvator, instead of being the abreviated 
form of the holy name, the notices of the ruins riven by Mr. 
Wade, with the accompanying illustrations, are by no means 
uninteresting in many ways, and, together with the facts and 
matter of the other portions of the work, speak favourably for 
the industry of the author, and show strongly the eon amore 
spirit with which he has followed his labour. The references 
to the tombs in the abbey diurcb, and the other otijects noted 
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soft nature of the banks rendering them unable to resist the 
action of the waters in the dry season. The depth of water at 
the junctions of the rivers with the Granges varied with the time 
of the year, and also from one year to another; and sometimes, as 
in 1853, the three rivers were almost closed. The quantity of 
water from the Ganges discharged by these rivers varied greatly. 
It had been stated by Major Lang, formerly superintendent of 
these rivers, that in a high flood it amounted to 200,000 cubic 
feet per second, whilst in the month of March, it did not exceed 
5000 cubic feet per second, of which a large portiou was derived 
from filtration. 

The author next proceeded to give a detailed description of the 
navigable channels of the Hooghly, and referred particularly to 
the report of a committee appointed by Grovernment in 1853, to 
inquire into the state of that river, and to the evidence given 
betore that committee. In concluding this part of the subject, he 
said that the river might be divided into three sections. First, 
from Calcutta to Fulta-house, a distance of about 34 miles, with 
an average high water width of 1300 yards, it consisted of a 
series of deep but narrow channels, separated by bars at the 
points of inflexion of the curved reaches. In this part of the 
river the navigation, thoiurh tedious and troublesome, was not 
dangerous; and though subject to periodical annual changes, the 
depth of water did not appear to have suflered any permanent 
deterioration. Secondly, from Fulta-house to Oulpee, a distance 
of 24 miles, the high-water width widened out from 1 mile to 2i 
miles. This section embraced the junction of the Damoodah 
and Boopnarain rivers on the right bank, and the dangerous 
James and Mary's Sand. The clmnnels were subject to great 
and sudden changes; the tides and eddies were strong, with shift- 
ing sands. There appeared to be evidence of some permanent 
decrease of depth of water, though not yet to such an extent as 
to have a serious effect on the navigation. Thirdly, from Culpee 
to Sand Heads, a distance of 37 miles, the river widened out 
from 2| miles at Culpee, to 17 miles at Sanger point. This section 
contained many dangerous places, and the evidence went to show, 
that there was a decided and serious shoaling of the water, and 
a prolongation seawards of the tails of the sands below, to an 
extent of not less than 6 miles, within the last fifty years. 

In reference to the tidal phenomena of the Hooghly the in- 
formation was extremely scanty. An analysis of the observations 
made at Kidderpore Dockyard, near Calcutta, from 1st July, 
1843, to 30th June, 1844, showed; First, that the duration of the 
flood was three hours during the freshes, and four hours during 
the dry season; whilt the ebb lasted from eight to nine hours. 
Secondly, that the mean rise of tide, on an average of three days, 
commencing with each quarter of the moon, was during the dry 
season, from October to February both inclusive^ at sprint tides 
11 ft 1^ in., at neap tides 7 feet; and from April to August 
both inclusive, at spring tides 12 ft 2 in., and at neap tides 
7 ft 5 in. Thirdly, that during the north-east monsoon, from 
the middle of September to the middle of March, the night 
tides were higher than the day tides; whilst from the middle of 
March to the middle of September, when the north-west monsoon 
prevailed, the day tides were higher than the night tides. The 
mean velocity of the tidal wave, from Sand Heads to Kidderpore, 
was about 26^ miles per hour. 

The author estimated that the quantity of fresh water passing 
into the Hooghly from the Ganges, through the Nuddea rivers, 
was upwards of 60,000 million cubic yards per annum; and the 
opinion had been stated that the amount brought down by the 
Damoodah and Boopnarain rivers was at least equal to that from 
the Nuddea rivers. Also, that as the great bulk of this fresh 
water passed down during the inundations, when the rivers of 
Bengal were highly charged with sediment, he calculated that not 
leas than 39,000,000 cubic yards of solid matter were carried 
down each year into the river and sea channels of the Hooghly 
below Calcutta, and an equal quantity from the Damoodah and 
Boopnarain rivers; so that 78,000,000 cubic yards of solid earth 
were probably deposited yearly in the Hooghly and its estuary. 
That this amount of solid matter was not exaggerated was evi- 
dent from the statement of Major Bennell, triat, in the flood 
season, the Ganges, from whence the water was derived, con- 
tained one-fourth part mud in its waters; and from that of Capt 
Sherwill, that the annual deposit in the Bay of Bengal, from the 
Ganges and the Brahmapootra, amounted to 1500 znillions of 
cubic yards. 

As the soil of the Delta of the Guiges consisted of loamy sand 
and black mud, it was unable to resist the action of the stream. 



and thenoe the course of the river was subject to great variations, 
and its banks were continually changing. On the sea-coast of the 
Delta, there were eiffht openings, eacm of which had in turn 
probably served as the chief mouth of the Ganges. Of these, 
the Hooghly was the most westerly, and the Mutla — the third 
from the west — was about forty miles to the eastward of the 



The Mutla was an inlet of the sea, rather than a river, inas- 
much as the fresh water entering it was entirely o(Hifined to a 
small portion which drained off the adjoining lands during the 
wet season. Its depth was in no place less than four fathoms at 
low-water spring-tides, and the entrance was easy of access. It 
was free from bars and shiftiog sands, and the channel appeared 
to have suffered no material change from the year 1839, when it 
was first surveyed, to the year 1863, when it was again surveyed. 
It was entirely tidal, was not subject to freshes, and was fi^ee 
frt»m the bore, at times so destructive in the Hooghly. At 
the head of the river, where it was proposed to establish the 
new port, there was space for two hundred and forty ships, 
and in the £doo Creek for six hundi-ed ships of the largest 
size, still leaving ample room for ships to swing in the stream. 
Excepting during the short period when the Nuddea rivers were 
open, the whole of the traffic to Calcutta from the Ganges passed 
across the Mutla. 

Comparing the two rivers, the Hooghly and the Mutla, in re- 
gard to their &cilities for navigation, and the general hydro- 
graphical features, it would be found, first, that the distance from 
the he&d of the Mutla to the sea, opposite Bulcherry Island, was 
65 miles, whilst from Calcutta to Middleton Point was 99 miles. 
Next) as to the depth of water: If a standard of 24 feet at low- 
water was assumed, it would be found that in the Mutla there 
were no shoals; whereas in the Hooghly there were six, of a length 
in the aggregate of upwards of 14 miles, with a low-water depth 
of from 15 feet to 18 feet only. To give a standard depth of 30 
feet at low-water, the Mutla would require deepening at four 
places to an extent vaiying from zero to 6 feet; whilst in the 
Hooffhly the length to be deepened would be nearly 26 miles, and 
the depth to be excavated from zero to 15 feet Again, in the 
Hooghly, the lowermost shoal was 63 miles from the uppermoat, 
whereas, in the Mutla, taking even the 30 feet stuidard, the 
shoals, which were much less in extent, were all contained within 
a distance of 30 miles; or if the first and last, which were incon- 
siderable and might easily be removed, were neglected, then the 
only existing shoal would be comprised in a distance of 5{ milee. 
It might be stated generally that, whereas a ship drawing 24 feet 
could only get to sea from Calcutta by the aid of steam, and 
under the most favourable circumstances, in three to four day^ 
or during the south-west monsoon in five days, the same vessel 
could at all times get to sea from the head of the Mutla, in from 
eight to ten hours. By the adoption of the Mutla it was believed 
that two days could be saved in the time of the -posts! and pas- 
senger service between this country and Calcutta. In the author's 
report on the Calcutta and South Eastern Bailway (1857), he 
entered fully into the comparative charges of the two ports, 
and the result showed a saving of £587 10«. on each voyage of a 
a ship of 1000 tons, in fskvour of the Mutla, or about lU. fkL tk 
ton. 

With regard to the engineering points involved in the com- 
parison of the two rivers, it would have been remarked that both 
ran through a precisely similar country, both were remarkably 
alike in their courses, and both were subject to the same tides; 
yet one was dangerous and difiBcult, whilst the other was safe and 
convenient for navigation. Whence did this di^Brence arise, and 
could it be remedied? The great physical distinction was, that 
in the Hooghly there was a vast, though greatly varying, supply 
of fresh water, acting simultaneously with the tidal flow; where- 
as in the Mutla there was tidal water alone, and not only that 
which filled its own bed every twenty-five hours, but a vast body 
which passed through it, and flowed into and ebbed from the 

C,t reservoir channels of the Biddiadhurree and the Attara 
ka and their branches at the head, and other Sunderbond 
creeks. This was the distinction in the conditions to which, in 
the author's opinion, were due the differences in their state as 
navigable channels. The comparison of these two rivers appeared 
to him decisive as to the value of tidal water alone vermu fresh 
water and tidal scour combined. By tidal scour alone there mm 
a deep and unchanging channel free from bars and shifting sanda 
By the combined action of fresh water and tidal soour there wen 
ahoah^ shifting sands, Tariable channelii, and a gradual, and it 
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NOTES OF THE MONTH. 

Society of Arts. — The first ordinary meeting of the hundred 
and eighth session was held on the 20th ult. Sir Thomas Phil- 
lips, F.G.S., chairman of the council, presided, and delivered an 
address, in the course of which he said that as the International 
Exhibition buildings were susceptible of much decoration, it was 
thought desirable to originate a subscription for the purpose of 
makin<; experiments in the employment of Mosaics on the exter- 
nal walls of the front in Cromwell-road. The subscription was 
begun by Earl Granville; and, should the ^tosaics be success- 
ful, they would give to the buildings a character new in this 
country, especially suitable to the climate, and hardly to be 
found on any buildings north of the Alps. 

Wellingborough CAarc^.— This edifice, which has lately been 
restored, was re-opened on the 19th ult. The church was tempo- 
rarily repaired in 1843, but in 1860 the work of restoration was 
commenced under the advice and direction of Mr. G. Gilbert 
Scott. The chancel and aisles were then reseated with open oak 
seats, and the beautiful oak screen and the stonework of the pil- 
lars, arches, and windows were thoroughly restored. The gal- 
leries were also I'emoved from the aisles. This paxi; of the work 
of restoration cost £1250. In the course of last year it was re- 
solved to finish this work, and the restoration of the nave and 
aisles has now been completed. The plaster ceiling of the nave 
has been replaced by a new panelled roof; two g^leries at the 
west end of the nave have been removed, and the whole nave and 
aisles re-seated ^th oak to correspond with the chancel. The tower 
arch has been restored and thrown open, and the woodwork of the 
western wheel window has been removed and replaced by stone 
tracery, and filled with stained glass. All the other windows in 
the building, including the great eastern window (which will be 
one of the finest in the county, have been restored and re-glazed. 
Many minor improvements have also been made. Owing to the 
removal of the galleries the actual number of the seats h ts been 
greatly diminished, but the new open oak seats are very much 
superior in comfort and accommodation. This remaining portion 
of the work has been executed at a cost of £1500. 

Society for the Encouragement of the Fine Arts. — ^The opening 
meeting of the Fourth Session of this Society was held at 9, Con- 
duit-street, Regent-street, on the evening of the 28th ult., when 
a lecture on "Art Education" was delivered by Mr. James 
Dafibrne. We have already laid before our readers the objects 
and aims of this valuable Society, and recorded its progress from 
time to time. We are gratified to learn that the prospects are 
most satisfactory, the number of members having considerably 
increased since this time last year. The course of lectures now com- 
menced includes music and the drama, which will be treated by 
Dr. Chr. Dresser, Mr. John Leighton, F.S.A., Mr. F. Y. Hurl- 
stone, Mr. H. Ottley, Mr. A. Gilbert, Mr. J. A. Heraud, Mr. G. 
Montague Davis, BA., the Rev. Hugh Hutton, and others. It 
is the intention of the council, in addition to the ordinary con- 
versazioney to give a special entertainment in honour of distin- 
guicihed Continental artists who will visit this country in con- 
nection with the International Exhibition. Mr. Dafforne's 
lecture set forth the want of art-education in this country. He 
argued against the absurdity of neglecting to teach a child to 
draw, because it might not have exhibiteda speciaJ taste for art 
— a reason which would never be admitted as against any other 
branch of education. The lecture was followed by an interesting 
discussion. The subject of the next address wiU be " Decora- 
tive Art,*' and the lecturer will be Dr. Dresser. 

St. George^ a f Shropshire. — ^The foundation stone of a memorial 
church to the late Duke of Sotherland, K.G., was recently laid 
in the district of St. George's, formerly Pain's-lane, Shropshire. 
The church is designed to accommodate 700 persons. It is to be 
rectangular in plan, with a chancel 40 feet by 20 feet ; the nave, 
with side aisles and clerestory, 90 by 50 feet. At present, a 
tower, about 40 feet high, will be erected at one end; but if the 
funds admit, it is intended to raise upon it a spire, 150 feet high. 
The style of the building will be Early English. The cost, 
without the spire, will be £4000, but including the spire, £5000. 
The architect is Mr. G. E. Street. The contractor is Mr. 
Horsman, of Wolverhampton. 



Accidents on French Railways. — ^The following appears in the 
RSvue Contemporaine: — " On the Northern, Strasburg, Western, 
Orleans, and Mediterranean lines of railway, 2130 trains run 
every day, and the distance performed is altogether 192,000 kilo- 
metres (|ths of a mile each), making a total of 777,450 trains, 
and more than seventy millions of kilometres in the year. The 
number of passengers conveyed on those lines in the years from 
1850 to 1860 was about 310 millions, and during that period the 
loss of life by accidents was forty-four, or one out of seven 
millions. Does there exist a human undertaking where 
material forces are used in the midst of difficult circumstancesi 
and with the co-operation of such a considerable number of men, 
Which would engage not to make a greater number of victims ? 
The above figures, taken from official sources, have an eloquence 
which cannot be easily weakened, and a^nst which affirmations 
too lightly brought cannot prevail. What additional force do 
not these calculations acquire when they are compared with the 
number of carriage accidents which take place in one year in the 
public thoroughfares of Paris alone ? In 1860, for instance, the 
official statistics inform us that the casualties of that kind 
amounted to 920, which occasioned the death of thirty persons, 
and serious injuries to 579 others. Thus the circulation of 
carriages in Paris has led to almost as many violent deaUis in 
one year as the circulation on the French railways in ten years." 
Wall Paintings. — ^The Literary Gazette announces that the 
painter Leys has received a commission to execute, in a hall <^ 
the Hotel de Ville at Antwerp, a series of wall paintings, for 
which he is to receive 200,000 francs. 

Pompeii, — A letter from Dr. Bruce was read at the last meeting 
of the Society of Antiquaries, at Newcastle, from which we ex- 
tract the following: — *'The day after my arrival here found me 
on my way to Pompeii. ♦ ♦ I at once understood the peculiar 
construction of the Pompeian houses. The restored house in the 
Ciystal Palace gives you an idea of coldness and gloom. At Pom- 
peii itself, smarting as I did at the end of Octob^ under the heat 
and glare of the sun, I could understand how precious an open 
roof, and shady corner, and dripping fountains would be in July. 
^ * It has been an ill-built city. The walls of the housee are 
like those of London. The masonry of our wall is much superior 
to most of that at Pompeii. The buildings consist of tiles, lava, 
volcanic tufa, and organic tufa, or what we would call petrified 
moss. It is astonishing how largely this organic tufii, wiuch we 
are familiar with in the Boman buildings in the north of England, 
enters into the composition of its buildings. The walls of the 
city have been originally made of pieces of lava not much larger 
than a geod-sized fist It has, however, been repaired at two 
subsequent periods with large-sized and well-squared blocks of 
organic tufa and travertine. The fountains in Pompeii are nome- 
rous, each being provided with a cistern, something like that at 
the north gate of Borcovicus. I measured the ruts in the streets. 
From the centre of the one to the centre of the other is 4 ft 7 in. 
I measured one street, which was 7 ft 3 in. wide, and another, 
which was 6 ft 4 in. We must not be surprised that the streets 
in our stations are so narrow. I studied the public baths wiUi 
care: they are very complete and interesting. The place where 
the coppers were placed is dearly marked; and you can trace tibe 
water in its course, and follow the hot air from the furnaces, 
under the floors, and up the sides of the rooms. * * One day 
we went to Puzzuoli (the ancient Puteoli), where the Apostle 
Paul landed for Malta on his way to Rome. We trod upon the very 
stones of the Boman way which he traversed. The amphitheatre 
here is very complete, especially in the undergrouna arrange- 
ments. The Temple of Neptune, where Pompey sacrificed before 
the battle of Actium, is still to be seen. The Temple of Serapis 
is a beautiful ruin; it has been submerged by the smking of tne 
coast, and again raised by volcanic action. The pillars, washed 
by the sea level, and eaten by the pholas below this line, prove 
this. I have photographic views which clearly exhibit this 
striking fact** 

TO CORRESPONDENTS. 

Veritas.^li is imposuble to transfer to the pages of this Jonraal the disooaalba 
which Veritas commenced in the colnmns of a contemporary. It is nsaal for coBunoBi- 
cations to the Editor to Iw authenticated by the indosnn cf the irritOT'a aaoM aMi 
address. 



END OF VOLUME XXIV. 
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Abbey, Chertsey, 186 

St. Albans, rertoratlons at 256 

Abergele, iBdependent chapel at, 169 
Abutments, new rult for oetermiDing the 

thickneae oi; 102 * 
Academy, roral, architecture at, 165, 211 

royal Hibernian, 90 

Aoddente on railways, 212 

on French railways, 876 

Aooostics, T. £. Smith on, 2, 46 

(rer.) 241 

Adie on the gold-disk steam or Tacanm 

gange, 89 
Agricoltural hall, Islington, 281 
Alarms, fire and railway, Siemens on, 808 
Alexandria, catacombs at, Donaldson on, 

101 
Allnyial districts, iron bridges in, Kennedy 

on, 261 
Ancient buildings, Street on restoration oL 

199 

remains in Eingmore church, 90 

Anoona to Bologna, railway from, 98 
Angle between the chord and tangent of 

any arc, rule for finding, 814 
Antiquaries, society of, 878 
ArchsBological assodatioo, 90 

inititute, 250 

Aiches and colnnms, iron, Sheilds on, 296 
Architect, board of works, election o^ 122 
Architects' charKes, 69 
Boyal InsUtute of British, 88, 161, 

186,866 
Architecture, analysis of andent domestic, 

(rer.) 68, 848 

dark ages of; Seddon on, 269, 269 

¥ellah-arab, in Sgypt, Donaldaon on, 

^^ of London, Hope on, 180 

medinral, stuay-book o^ King, 149 

at the Boyal Academy, 166, 211 

colour as applied to, Smirke on, 66, 98 

consistency in, Smirke on, 108 

Ardiitectural aooeesories cf monumental 

sculpture, Cockerell on, 888 
-* — association, 868 
oompeUtioos, 91, 167, 208; M. Dtfy's 

pamphlet on, 222 
drawing, 18 

AicHincTUEAi Eiicnon (Niw)— 

Chapel, Hampetead, Johnson, 219 

independent, Abergele, Smith, 166 

New WeUingtoo oo&ege, Scott, 261 

Church, Baldwin's-gardens. liOiidoo. But- 

tertleld,96 
Church, Qerman, Islington, CoDstantine, 

Hanger-lane, StamiiBrd-hilL Talbot 

Burr, 96 

Higham, Soott, 282 

Howsham, Yorkshire, Street, TO 

Ince-in-Mackerfield, Lanoadiira. 

PlsJej, 180 
St. Andrew's, Leicester, 282 
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Architectural erections (continued)— 
Drinking fbuntain, Tolmie, 122 
Exhibitun building, international, 1862, 

Fowke, 99. 844 
Hall, agricultural, Islington, 281 
Ashwicke, Gloucestershire, Coiling, 

816 
Library, Yaughan, Harrow, Scott, 260 
Manuisctory, Qreenway's, Birmingham, 

876 
Post offices, new district, 16S 

Architectural examination, list of works 
recommended to candidates, 280 

exhibition, 128, :61, 168 

students, proposed eiaminatinns for, 

862 

photographic'exhibition, 87 

profession, examinations for, 67 

publication society, 226 

study and progress, Blomfleld on, 868 

Arsenic in paperhangings, Letheby on, 18 

Art, romanesque, Waring on, 114, 189 

Arts, exhibition of institution of the fine, 99 

society for encouragement of fine, 876 

society of, 127. 876 

Artists, society of British, 146 

Ascot, new hotel, 260 

Asbpitel on orUdn and derelopment of use 
of^crypts in CSiristian churcnes 9 

Ashton-under-Lyne and DuUnfield 
nics' institution, 68 

Ashwicke hall, Olouoestershire, 816 

Association, architectural, 868 

British, 180, 260, 286, 827 

for prerention of steam boiler explo- 
sions, 218 

Atherton on fireight as affected by differ- 
ences in the dynamic properties cf steam- 
ships, 804 

Austin, Hen^r, the late, 846 

Austrian enffineers* union, 186 

Ayton on (fisengaging catch for minenr 
safety cage, 74 

Axles, steel railway, 281 



BakeweU, new theory of the figure of the 

earth, 282, 818, 816, 846 
Bankof£nfldand,164 
Bardwell's assign liar Thames embankment, 

Barlow on the Niagara railway iuspensioB 

bridge (rer.) 63 
Barometrical column, disturbances o^ 81 
Barry, Sir C, sUtue to the late, 282 
Bathometer, Siemens on, 829 
Bath market improvement. 282 
Bareux and Chichester catoedrals, BnmeD 

on operations at, 286 
Basalgette's design liar Thames embank- 
ment, 188 
Beacons, fioating, Stooey oo ooostmctian 

of; 118, 146 
Beams, strength oi; Cooper on, 168 
Bell on oolonr oo statues, 168 

on ooloQr round statues, 206 

BeOs, docks, and watches. Deniionoo, 84S 
Bengal railway, eastern, 281 
Bernard on healthy moral homes {nr.) 217 
Bessemer oo manuiketvre of steel, 267 
Bidder, Haniion, and Stephenson's deslgB 

for Ilumes embankment, 189 
Bldd«r oo natiooal defooMS, 172 
Bird's detiain for Thames emhankmtnt, 192 
Bi^snhsM,r •— ^--*- -- 



, new gr»Ting dock, 90 



Birmingham, Qreenway's manuftictory, 876 
Blackfriars, proposed new bridge, 282 
BUckwell on a new process of open coking, 

67 
Blast ftimaoes, Cochrane on waste gases 

from, 14 
Blasts at Holyhead, Bobertson on, 88, 76 
Blomfield on architectural study and pro> 
gress,868 

CO the arrangement of churches, 41 

Boiler explosions, association fSar prevention 
of, 218 

action of steam in relatioo to, 188 

Bologna and Ancona railway, 98 
Bourne on the steam engine in its applica- 
tion to mines, mills, &c. (rev.) 248 
Bow's level, 886 

Braithwaite on the river Wandle, 107 
Bridge, Blackfriars, proposed new, 282 

construction, cast and wrought iron, 

Humberon (rev.) 278, 812 

iron girder, Boston and Worcester 

railroad, U.S. 209 

KOpcke on the construction of a rigid 

suspension, 6 

feudal, YoriE, 166 

new, at Lambeth. 288 

Niagara railway suspension. Barlow 

oo^ev.) 68 

Boebling on (rev.) 118 

railway, across Bhine, 122 

Bridges and girders, wrought iron, effect o 

vibratory action upoo, Bankine on, 827 

cast steel, 96 

railway, iron. In alluvial districts, 

Kennedy oo, 261 

sUtios of, 1, 69, 168. 228. 816, 847 

suspended girder, Bankine on, 4 

~— suspension, deflection of; Cox on, 207 

suspension girder, 86 

suspension girder, Latham on, 126 

British architecU, royal institute oL 88, 

161, 186 
association for the advancement of 

sdence, 180, 260, 286, 827 
Bruce on Pompeii, 876 
Building for international exhiUtioo of 1862, 

199,844 
materials, inventions and patents, 

architectural exhibitioo, 161, 168 
Buildings, public, acoustics o^ Smith oo, 

241 

— andent, Chichester cathedral and 
other, Hills on, 266 

— andent, restoration o^ Street on 199 

improvements in wanning ct, 184 

Bnrfbrd's panorama, 122 

Burgee on architectural drawing, 18 

Bum on the construction of horse raOwavs 
for branch lines and street traffic (rev.) 81 

Bmmell on operations at Bayeuz and Chi- 
chester Cathedrals, 286 

— oo condition of water enpply of Loodoo, 

Bury St. Edmund's oom exdiange, 82 
Byrne oo pressure of steam oo qrlinder 
covers and other disks, 868 



GkUe, submarine. Hall and WeOsT, 8 

Gables, submarine, Preeoe oo the mainten- 
ance and duFabuity oi; in shaUov watefs, 
26,141 

telegraphic, iadia rubber and gntta 

percha,l86 

Cdcntta, Dalhoosle institute, 68, 186 

Gnal, the Sues, 101 



Candidates for architectural examination, 

list of works recommended to, 280 
Cargill on method of finding centre of 

gravity of girder, 121 
Guviirs short rule for finding angle con- 

tiQned between chord and tangent of any 

arc, 814 
Carriages, railway, warming, 90 
Cast steel bridges, 96 

Catacombs at iQexandria, Donaldson on, 101 
Catdi, disengaging, for niiners* safisty cage. 

Cathedral ci nineteenth centuiy, Hope 
(rev.) 178, 216 

Cathedrals— Bay eux and Chichester, 286; 
Chichester, restoration of, 117, 247, 266, 
281; :^, 814; Lichfield, 4, 815; Uandafl, 
261; Worcester, 280 

Channel railway to connect England and 
France, Chalmers on (rev.) 870 

Chapel, Hampetead, 219 

indepenaent, Abergele, 166 

royal in the Savoy, London, 164 

Charges, architects', 69 

Chertsey abbey, 186 

Chester, St. John's church, 164 

Chichester and Bayeux cathedrals, opera- 
tions at, BumsU on, 286 

cathedral, restoration of; 117, 247, 281 

• the cathedral and other ancient build- 
ings. Hills on, 247, 266 

Chimneys, new system of arranging. 218 

Church and conventual arrangements, Wal- 
oott on, 22, 271 

CHinCHM— 

Baldwin's - gardens^ Gray's - inn - lane, 

German, tslingtoo, new, 186 

Hanger Lane,^tamfbrd Hill, London, 96 

Ince-in-lCackerfield, 160 

Namptwich, Cheshire, 869 

National Scotdi, Regent Square, London, 

restoration of, 102 
Notre Dame, 122 

Outwell, Norfolk, restoration of, 160 
Stoughtoo, Leicestershire, 282 
St. Andrew's church. Leicester, 282 
St George's, Shropshire, 876 
St. James the Less, XJpperGarden Street, 

Westminster, 96 
St. John's. Chester, 164 
St. John the Evangelist, Howsham. 70 
St. Martin on theHill, Scarborough, 847 
St. Mary, Homsey lUse, 96 
St. Pad, Hoddlesden, 226 
St. Peter, Hi|^iam, 282 
St. Peter and St. Paul, Cork, 90 
St Philip and St James, Oxford; 281 
Wellingborough, 876 

Churches, Blomfield, on the arrangement 
of; 41 

new, in London, 96 

Clocks, watches, and bells, Denison oo (rev.). 

Coal, petroleum, Ac, Gesner on (rev.), 180 
Cochrane oo method of taking waste gases 

from blast ftimaoes, 14 
Cockerell oo architectural aocesseries of 

monumental sculpture, 888 
CofliBr-dam, Hunt on new portable, 46 
Coking, open, Blackwell on new process o^ 

67 
College, Kia^s, profMSorship of aru of 

coostractioo, 862 

new WeUingtoo, 261 

Collieries and colliers, Fowler on (rev.), 278 
OoUing's Gothic onameaU (rev.), 81 
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CbUtns on electro block ptlnilns, 27 
Colour M applied to archltdaure. Smirke 

on, 65, 93 
Colonr on utatues, Bell on, 16% 

round statues. Bell on, 205 

Column, baxouieiricaly disturbances o(, ZX 
Columns and arches, iron, and iron con- 

structiou. Shields on, 29(} 

(.'0VTETtTI05S — 

Com exchange. Bury St. Edmmui's, 32 
DalhouAic instituto, Gakutta, 58, 186 
Hotel, Saltbum-by-tho-Sea, 3S 
Laying out land fbr baIldln|LFljmouth, 53 
Mechanics' institution, 'Z^too-under- 

Lyne and Dukinfleld, 58 
Thames embankment, 122 
Town hall and public offices. Eimuton- 

npon-Holl, 122 

Competition designs for new Houses of Par* 

liament, Sydney, 221 
Competitions, arcllitectaral, 91, 1C3, 208 

architeaural, Daly's pamphle.t ou, 222 

Concrete, machine for making, SAG 
Coudcr on new theory of figure of the earth. 

•27H 
Construction of floating beacons, Stoney on, 

Construction, railway, rudimentary iustruc- 

tions on ^rer.) 177 
Coombat' deiiign for Thames embanJunent. 

100 ' 

Cooper on strength of beam fixed at both 

ends, 153 
Continental publications, 86, 92, 148, 21S. 

246, 279, 2H4, 349 
Com exchange. Buy St. Sdmundi, 32 
Coupling, new safety, Markham on, IQ^ 
Coveut Garden approach, subway, 130 
Cox ou deflection of suspension bridges, 2<)7 
on shearingstrains of deflected giiderK, 

249,279 •- •» 

Crunstadt, the new craTing slip^ 32 
Crypto, Aiihpltel on the origin and develop- 
ment of their use in christian churches, 9 
Onbitt, Sir W., the late, 343 
Current*}, telluric, 282 
Curves on railways and other public works, 

table:! for, Olver (rcr.) 274 
Cylinder covers and other dlaks, pressure of 

steam on, Byrne on, 353 



Dalhou^ie institute, Calcutta, ISo' 

Daly's ijamphlet en architectural comp'-tl- 

tions, 222 
Park apes of architoctnrc, Seddon on, 259 
DiTorariTe and Industrial art exhibition, 

Edinburgh, 250 
I>efence«, national. Bidder on, 172 

the national, 8H2 

l>cflected girders, shearing strains of, Cux 

on, 249, 279 
T)^ni?!on on clocks, watchen, and bclU, 342 
I>tsign,oou!jisteucy in style oL Smirke ou, 

131 
De^i-Tis for Thames embankment, Ifi? 
Dirrkd on perpctunm mobile ^rev., 215 
I>itfC(:rverie4 at Su<;2, 346 
DiMingaping catch for miners' «ifety cage, 

Aytonon, 74 
District poat-offlcc8, new, 153 
Dock, dry, reclamation embankment for 

Leith, Eftbertson on, 162 
iiupi-ovcmonw ai Grangemouth, Slilnc 

on, 86 
; — new gravln-', Birkculiead, 90 
D-^llinan and Jobbing' ancient domestic 

.irchitoctuic .'rev.) 53, 343 
D.^!iiiitison on the catacomb:^ at Alexandria. 

101 
l)fn;iM3nn'8 dtj.acriptiou of Srarictte'.s exca- 

v.itinni* at Uizch and Saocara, 77 
ri(»n;il'Nin on Fcliah-arsib aichi:ecturo in 

Pisvpt, 6l» 
!*..ull, d'Miipn for Thame.-* embaukm'»nt, ll»0 
Dra-Jrin;: aivliitct-tiiral, Burges on, IS 
Drinking fonntnins, 122 
jji-y d<i(.K, Li'itU, reclamation embankment 

!or dry dock, Robertron on, 162 
Dwf^Uiugs and hospitals, ventilation of, 2iy, 

:j24 
Dwellings for working men, Leeds, 154 



E. 

Tur.h, nrw thporr of the figure of, Bako- 

w.?il, 232, 278, 5l3, 815, r.45 
>A«crn Btngal railway, 2'<1 • 
Ebonite, or hard india-rubber. Silver un, 

no 

r<linburj;lj, pxhibi'i'jn of itdnstria! and 

'U'.^oiativehrt, 2.M» 
£i.>I>:, F'.'llah-ai-au urchit7c:ur2 ia,Donr-d- 

K'M on, •j9 



£3(ectriclig|it,188 

resistance theri&ometer, Siemens on, 

882 
Electro-block printtufr, CoUios on, 27 
EUwents of mechanism, by Goodeve (rey.) 28 
Kly cathedral. 314 
Ely Place, Hoiboni, historTODddascription 

of, 5, 98 
Embankment, Thames^ report of cammis* 

sionere, 220 
Embankment, Thames and railway oom> 

municatlon In London, Lane on {rey.)ll8 
Embankment, Thames, 122, 162, 157, 187, 

220 

EMBA1IKSCS5T. ThAX£8, ASSIGX FOK-^ 

BardweU, 190 

Dazalgette, 188 

Bidder, HarrijiOD, and Stephenson, 189 

Bird. 192 

C'oombs, 190 

Doun, 190 

Fowler, l^ulton, and Hemaus, 189 

Ilaggett, 192 

5Ioor»om, 191 

Newton, 191 

rage, 187 

Kcndcl, 184 

SeweU, 191 

Shields, 192 

Sich, lt«9 

SVinfbrd, 190 

Thompson, 191 

Turner, 192 

Vetch, 192 

WeUcr, 191 

Engine, steam, in its application to mines, 
nilUs, &c.. Bourne on (rev.; 248 

EngiueerA' manual of the hydrometer. 
Swift (rev.) 176 

Engineers, medianical institution of, 264 

uuiou, Aufitrlan, 186 

£ugine<irii^ gas, Laidlaw on, 96 

ElfCIlCIBRrNO EaSCTTOSB, 5EW- 

Bridge, Lendal, York, Dredge, 155 

■ iron girder, Boston and Worcester 

railroad. U.S., 209 

Lambcih, new. V. W . Barlow, 283 

railway, over Rhine, 122 

Embankment, reclamatien, for dry dock, 
Leith, 162 

Graving rdip, Cron^tradt, H. Orlssell, 32 

Railway, floatius, across Forth and Tay, 
171 

Railway incline. Thai Ghaut, G. I. T. rail- 
way, 135 
England, bank of, 154 
Kii^iidi cathedral of nineteenth century, 

Hope ;rev.) 173 
l-bcaminationi architectural, li»t of works 

recommended to candidates, 280 
Examinations fur the architectural pro- 

fesrtiou, 57 
proposed, for architectural students, 

»<*>2 
Excavations, Marlctte^s, at Gizeh and Sft- 

cara, Douald>*on on, 77 
Exliibltion of 1S62, inventors and, 154 

ExniBiTioxs — 
Archluctnral, l^Ss, 151, 158 

photographic, 37 

British artUts, society of, 148 
French and l>1emijdi pictures, 122 
Fi-ench industrial, 250 
Industrial and decorative art, Edinburgh, 

25y 
Institution of the fine artft. 99 
International, of 1862— 90, 95, 99. 150, 344 
Inventions at society of arts, 127 
Photc^apLic wciery, G9 
Society of female artiste, 83 

Experiments on the gauging of water, 
Thompson on, 36u 

Exploftions, boiler, action of steam in rela- 
tion to, 138 

«t4?am boiler, association for prevention 

of, 21:i 



F. 



Fairbaira on eflcrtc of vibratory action upon 
i»TOUght-iroh bridgHjj and ginler*, 327 

on iron. its hiutory, proiwrties, &c, 177 

on mills and mill' work rev.; 274, 341 

Fellah-arab architecture in Egypt, Donald- 

Mn on, yy 
Female artiste, society of^ tJ6 
, Feijre«<, wowlen, preservation of. 90 



Fen-ey's ri»collertlon8 of Pugin rev.^ 810 



Fipiiire of the earth, new 



Ugin re 
theory, 



Bakewcll 



un. 2a-.', -JTs, 31o, 315, 345 
Fine art*, institution of, exhibition, 99 

finJiity f.jr encouragement of, 376 

Kreerthijj'Tifhed byateam, 141 

Fire aL'l niiiway alarms, Siemens on, 808 



Floating beaeoDS, Stoner on, 118, 149 
rauway acroos Fdrtn and Tay, HoU on, 

171 
- — of ship Queeo Vietoria, 90 
Foreign office, new, 122 
puUicatkttiB, 86, 92, 146, 218, 246, 279, 

284, 349 
Foanula. WiesbaeVi, (br finding head due 

to the motion of water in pipes, 875 
Foontaisfl, drinking, 182 
Fbfwler, on collieries and oolHen (rev.) VtS 
Fowler, Fulton, and Heman's design for 

Thames embankment, 189 
¥ox on iron permanent way. 111 
Ftanklin, Sir John, monument, 181 
Frelg^, as affected by dUTerenoefl in 

dynamic properties of steam ships, 

Athcrton, on, 304 
French industrial exhibitions, 250 

railways, accidents in, 370 

raUways, statlstios of, 158 

Freseo palntmg and stone, praerratioD of, 

40 



Gas engineering, Laidlaw on, 96 

lighting steamers with, 122 

— — supply of London, 257 

works, small, for private resideocef,881 

Gases, wotfte, taking off from blast funiaoes, 

Cochraae, 14 
Gauge, goldnlisk, steam or vicaam, Adie 

on, 89 
Gauging d water, axperimeikta on, Thomp- 
son on, 860 
Gearing, skew-bevel, Bankioe on, 328 
Goruutu church, new, Islington, 186 
' — ocean, Munay on, 146, 202 
Gesner ou coal, petrulattm, 4cc. (rev.) 180 
Giffard's injector, 186 
Gill ou the thermo-dynamios of ehutic fluids, 

;rev./ 66 
Girder, method of finding centre of gravity 

of, CaiuUl un^ 121 
Girder bndL'e, iron, Boston and Worcester 

railroad, U.S. 2U9 
Girder bri<lges, suspended, Rankine on, 4 
Girder bridges, suspension, 85 

Latham on, 126 

Girders, deflected, shearing strains at. Cox 

on, 249, 279 
Qinlen aod bridges, «Toughi-lroa, effieot of 

vibratoiy action upon, Kankine on, 827 
Gold-disk steam or vacuum gauge, Adie on, 

89 
Goodcve on the dements of mechanism, 

.rev.) 28 
Gothic d-namonts. Colling ,'rev.} 81 
Grangemouth ducks, improvements at, 86 
Graving dock, new, Birkenhead, 90 
Graving slip, new, Croustodt, 32 
Oreeuway's inanuliMrtory, Birmingham, 375 



H. 

naggctt's design for Thames embankment, 

Hall and Wells' submarine cable, 8 
Uall. agricultural, Islington. 281 

Ashwicke, Glouccirtershire, S16 

music, proposed. South Kensington, 

864 
Hall on floating railway across Forth and 

Tay, 171 
Hammers, steam, Feacoek on, 240 
Hampstead, chapel, 219 
Harrow, Vaughau library at, 260 
Healthy moral homes, Bernard on (rev/j 217 
Heat, C. Wye WiUiams on (rev.) 29, 82 
Hibernian academy, royal, 90 
Higham, St. Peter's church, 238 
iliHs on Chichester cathedral, kc. 247, 266 
Hi«tory and description of Ely place, Hol- 
: bom. 6, 33 

Histon- of St. 3Iary'8 Abbey, Melrose, AtC., 
I Wadeonvrev.)373 
' Hodillesden. St. Paul's church, 226 
Holland':} office and cabin companion (rev.) 

373 
Holvhead, huge blasts at, Robertson on, 

8^,75 
Homes, healthy moral for agricultural 

labourers, BemarU on -juv.) 2i7 
Hooghly and the Mutla. Longridgo on, 373 
Hooi)er ou the pier at Sonthport, 113 
Hope on the architecture of London, 180 
ou the English cathedral of the nine- 
teenth ceutnry (rev.) 170, 216 
Hur-*e lailwayi* fur branch lines and street 

traffic. Bom on rev.; 81 
Hoi»i'ital8 and dwellings, ventilation of, 219, 

8J4 
Hotel, new. Asoot, 250 
Hotel. Saltburo-by-thc-sea, 82 
Houses 01 parliament, the u«.'W, 186 

ol iMrliament, stone of, 122, 315 

^— or iiarliament, Sydney, competition 

designs ur, 221 



Howriiam, diondi of BL John, TO 
Hnmber on cask .mid wiuught iron bridge 

construction (rev.) 878, 818 
Htut on a new porttUe oottaHlam, 46 



Improvement, Bath market, SS8 
ImprovemeBta in doeki bA Gnuwemoatb, 

MUneon, 86 
— ^ in warmhm of bnOdingB, 184 
iBoe-in-lCadmrfleld ehmtA, 160 
Incline, the Thul Ghaut, on great Indian 

Twittsolar raOway, 186 
Independent chapel. Abeiigele, 166 
India museum, whHohaU, 860 

progress of, 884 

railways in, 881 

India-rubber and gutta percha telegraphic 

cables, 186 

hard,SUveron, 880 

Indicator, gradient, and levul. Bow's, 836 
Industrial and decorative art, exhiUticaiof, 

at Edinburgh, 860 
Injector, Gifiard's, 186 
Institmte. arefasBologicai, 860 
of British ardutects, royal, 88, 161, 

186,355 

DalhoQsIe, Gakutta, 68, 186 

Institution of Uie fine arts, exhibition, 99 
Instruments on the earth's surihce, ** direct" 

magnetic effoet of son or mouu on, Stoney 

on, 383 
Intercourse, metropolitan, 81 
International exhibition of 1862 and the 

metal manufiiotnreB, 150 

exhibition of 1862, 90, 96, 99, 160, 244 

Inventions, exhibition of, at society of arts, 

127 
Inventions, patents, and building materials, 

architectuial exhibition, 151, 15S 

property in, Webster on, 331 

Inventorst and the international exhibition 

of 1862, 164 
Iron bridge ocmstruction, Humbor on (rev.) 

278, 312 
Iron construction, and strongtb of iron 

columns and anmes, Shields on, 296 
Iron girder bridge, Boeton and yVorcesiev 

rairoad, U. S., 209 
Iron, history, properties, ftc, Fklrbaiin ou, 

(rev.) 177 
Iron permanent way. Fox on, 111 
Iron pipes, preserving, 122 
Iron railway bridges in alluvial districts, 

Kennedy on, 251 
Ironwork, strains on stmctures of. Shields 
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